RETURN  THIS  BOOK  ON  OR  BEFORE  THE 
DATE  INDICATED 


S' 


DO  NOT  REMOVE  SLIPS  FROM  BOOKS. 
A CHARGE  IS  MADE  IF  BOOKS  ARE 
LOST  OR  DAMAGED. 


IDENTIFICATION  OF  BORROWERS  IS  REQUIRED 


. — •?  *i-.-  •■  V 


V 


‘i 


r, 

>■• 

i«r 


Digitized  by  the  Internet  Archive 
in  2016 


https://archive.org/details/textbookofpaleonOOzitt 


TEXT-BOOK  OF  PALAEONTOLOGY 


TEXT-BOOK 


OF 


P A L A E O N T 0 L O ( i Y 


BY 

KARL  A.  VOX  ZITTEL 

PROFESSOU  OF  GEOLOGY  AND  PALAEONTOLOGY'  IS  THE  UNIVERSITY  OF  JIUSICH 


TRANSLATED  AND  liDITED  BY 


GHAJMES  1!.  EASTMAX,  Th.lJ. 

ASSISTANT  IN  PALAEONTOLOGY  IN  THE  JIUSEUJI  OP  COYIPAI! ATIVE  ZOOI.OGV 
AT  HARVARD  I'OLLEGE.  C'AJIBKIDGE,  JIASS. 


ENGLISH  EDITION  REVISED  AND  ENLARGED  BY  THE  AUTHOR  AND  EDITOR 
IN  COLLABORATION  YVITH  THE  FOLLOYVING  SPECIALISTS  : 

C.  E.  BEECHER,  J.  M.  CLARKE,  W.  H.  DALE,  G.  J.  HINDE,  A.  HYATT,  J.  S.  KINGSLEY',  H.  A.  PILSBRY 
C.  SCHUCHEUT,  S.  H.  SCUDDKR,  W.  P.  BLADEN,  E.  0.  ULRICH.  C.  WACHSMLTH 


VOL.  ].  WITH  1476  ^\:Oa]:)OUT^,  ..  . 


ILontiou 


MAC:\IIi.LAN  AND  CO.,  Ltd. 


NEW  YORK:  I^IACMILLAN  & CO. 


19  0 0 


^66 


EDITOR’S  PREFACE 


The  Grumlziige  der  Palaeontologie,  which  forms  the  basis  of  the  present  rvork, 
was  published  in  the  spring  of  1895,  only  a short  time  after  the  completion 
of  the  fifth  and  last  volume  of  Professor  von  Zittel’s  celebrated  Handbnch  der 
Palaeordulogie.  Of  the  latter,  an  excellent  translation  exists  in  French  by 
Barrois  ; but  English-speaking  students  are  without  either  an  independent 
treatise  on  Palaeontology  or  translation  from  any  foreign  work,  which  is 
comparable  in  scope  and  character  to  the  writings  of  von  Zittel. 

"With  the  hope  of  supplying  this  deficiency  the  Editor  undertook  the  task 
of  rendering  the  GrundzUge  into  English.  It  was  at  first  intended  to  bring 
out  a strictly  literal  translation,  but  with  the  Author’s  consent  this  plan  was 
modified  in  important  respects  which  should  be  clearly  understood  by  all. 
The  chapters  on  Protozoa,  and  < 'oeleiderafa  stand  here  essentially  as  in  the 
original,  but  nearly  all  the  remaining  chapters  have  been  remodelled,  enlarged, 
and  brought  as  nearly  as  possible  up  to  date  by  a selected  body  of  experts. 

The  greater  part  of  the  work  is  therefore  a composite  production,  and 
from  the  nature  of  the  case  some  incongruities  in  style  and  treatment  are  to 
be  expected.  For  all  the  collaborators  to  have  adhered  to  uniform  limits  of 
alteration  and  expansion  would  have  been  impossible.  It  will  be  found, 
therefore,  that  some  portions  of  the  revised  text  are  not  sensibly  different 
from  the  original  while  others  are  changed  very  radically,  and  a few  chapters, 
notably  the  MoUtiSCuidea,  MoUusca,  and  Trilobites,  are  entirely  rewritten.  An 
effort  has  been  made  throughout  to  adapt  the  text  more  especially  to  the 
needs  of  Anglo-American  students,  and  the  bibliographies  have  been  enlarged 
with  similar  intent. 

For  all  changes  in  the  classification  over  the  original  the  revisers  of  the 
different  sections  are  responsible  ; but  although  radical  departures  have  been 
made  with  the  Author’s  sanction,  one  must  by  no  means  presume  he  is  thereby 
committed  to  all  the  innovations  which  are  set  forth.  How  far  and  whether 
in  all  cases  the  system  has  been  improved  must  be  left  for  experience  to 
determine.  The  Author’s  graciousness,  however,  in  yielding  his  own  prefer- 
ences on  systematic  points  will  be  apparent  on  reading  the  subjoined  preface. 

Due  acknowledgments  are  rendered  the  collaborators  in  the  Author’s 
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preface,  and  also  in  footnotes  at  the  end  of  the  several  chapters.  Their 
names  are  enumerated  below  in  the  oi’der  of  their  respective  sections,  and  the 
Editor  begs  to  express  at  this  time  a sense  of  his  profound  appreciation  of  the 
services  that  have  been  so  generously  rendered.  For  the  many  personal 
courtesies  extended,  he  would  return  to  each  of  them  his  sincere  and  hearty 
thaid\s. 


LIST  OF  GOLLABOBATOKS 

^Ir.  Ohari.ks  AV.xchsmctii,  Crinoidni,  Blnsitoidi'd. 

^Ir.  A'.  Percy  Si.adex,  Astero-Mn,  EchinozoK. 

Dr.  George  .Iexxixgs  Hixde,  EL'r/iii‘.-<. 

^Ir.  Edward  0.  Ulrich,  Bnjozou,  Ostrncodn. 

Mr.  Charles  Schuchert,  Batchiopoda. 

J)r.  William  H.  Dall,  Bdmjpoda. 

Prof.  Henry  A.  Pilsbrv,  GuAropodu. 

Prof  Ai.i’hel’s  Hyatt,  Cqdmlopoda. 

Prof  Charles  E.  Beecher,  Trilohitu. 

I’l-of  .Tohx  1\I.  Clarke,  Encnixtaren  (jxti's),  Aceruta  (jxtrs). 

Prof  .John  S.  Kingsley,  Encrastnrm  (jHirn),  Aci’ralu  {pars). 

Prof  Samvel  II.  Scudder,  Insi'cta. 

The  Editor  is  also  greatly  indebted  to  his  friend  Dr.  .John  C.  Merriam, 
who  undertook  the  translation  of  the  entire  chapter  on  Molhisoi,  a very 
laborious  work.  Dr.  iMerriam’s  assistance  has  been  further  enlisted  in  the 
translation  of  the  second  volume,  which  will  be  devoted  exclusively  to  the 
^'ertebrates.  Dr.  August  E.  Foerste  was  kind  enough  to  furnish  a transla- 
tion of  the  chapter  on  Insects,  and  various  friends  have  assisted  in  correcting 
proofs.  For  the  comjiilation  of  the  index  the  Editor  is  indebted  to  Miss 
Elizabeth  1!.  Bryant,  a former  student  of  his  at  Kadclill'e  College,  and  to 
his  brother,  Mr.  David  P.  Eastman. 


Hakv.vud  Univehsity, 
Scplcmhi r Ifi.  1800. 


CHAliLES  B.  EASTMAN. 


AUTHOE’S  PEEFACE 


Die  englisclie  Ausgabe  meiiier  Gruiulzuge  der  Palaeoiitologie  hat  ein  voin 
(leutschen  Original  in  verschieclener  Hinsicht  abweichende  Gestalt  erhalten. 
Der  Herausgeber,  mein  Freund  und  ehemaliger  Schiller  Dr.  Eastman,  suchte 
mit  meiner  Zustimmung  eine  Anzahl  der  hervorragendsten  Specialisten  fiir 
die  Bearbeitung  einzelner  Thierclassen  zu  gewinnen.  Dadurch  erfuhr  das 
Werk  eine  griindliche  und  sachkundige  Ueberarljeitung,  welche  sich  namentlich 
im  Detail  vortheilhaft  geltend  macht  und  mancherlei  Irrthumer  der  dentschen 
Ausgabe  beseitigte.  Fiir  diese  milhevolle  und  aufojifernde  Arbeit  bin  ich  den 
Mitarbeitern  des  Text-Book  zu  grossem  Dank  verpHichtet. 

Allerdings  wurde  durch  die  Betheiligung  einer  grosseren  Anzahl  von 
Autoren,  deren  Anschauungen  in  systematischen  Fragen  nicht  immer  unter 
einander  und  mit  denen  des  Autors  der  dentschen  Ausgalje  in  Einklang  standen, 
die  Einheitlichkeit  des  .Werkes  nicht  unerheblich  gestdrt  und  auch  der  urspriing- 
liche  Umfang  verschiedener  xVbschnitte  bedeutend  ilberschritten ; allein  diese 
Nachtheile  diirften  durch  die  sorgfaltigere  Durcharbeitung  des  eigentlichen 
Stofies  reichlich  ausgeglichen  sein. 

Die  Eevision  der  Crinoideen  hatte  der  verstorbene  Flerr  Charles  JFachsmufh, 
jene  der  Asteroideen  und  Echinoideen  Herr  IF.  Percij  Sladen  illjernommen. 
Abgesehen  von  einigen  Abanderungen,  welche  mehr  terminologische  als 
sachliche  Fragen  betretfen,  wurde  in  diesen  Abtheilungen  eine  weit  voll- 
stiindigere  Aufzahlung  und  Characterisierung  der  fossilen  Gattungen  durch- 
gefiihrt,  als  in  der  dentschen  Ausgabe.  AYeitergehende  Umgestaltung  erfuhr 
die  Classe  der  Bryozooen  durch  Herrn  E.  0.  Ulrich.  Die  palaeozoischen  Formen 
sind  von  diesem  ausgezeichneten  Kenner  mit  einer  Ausfiihrlichkeit  behandelt, 
welche  nicht  ganz  mit  der  Darstellung  anderer  Abtheilnngen  in  Eiidvlang 
steht.  Auch  die  Transferierung  der  bereits  bei  den  Korallen  abgehandelten 
Chaetetiden  und  Fistuliporiden  zu  den  Bryozoen  und  die  dadurch  veranlasste 
doppelte  Darstellung  derselben  ist  eine  Incongruenz,  welche  sich  nur  durch  die 
Meinungsverschiedenheit  liber  die  zoologische  Stellung  dieser  ausgestorbenen 
Organismen  Entschuldigung  lasst. 

Eine  durchgreifende  Uniarbeitung  haben  die  Brachiopoden  durch  Herrn 
Charles  Schurherf  erfahren.  Wiihrend  sich  die  deutsche  Ausgiibe  mehr  auf  die 
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^Vet■ke  uiid  Anschnuungen  von  I'hotiws  Ihiriilsim  stiitzt,  ftdgt  die  eiiglische 
Ueljersetzung  sowohl  in  der  Anffassniig  der  Gjittnngen  und  Fainilien,  ids  iiucli 
in  den  systeinutischen  Princijiien  den  nensten  Arlieiten  von  .hnnes  Hell,  J.  M. 
I'larke,  und  C.  E.  I'eerher.  Die  systennitisclien  1 lauj)tgru]>})en  sollen  hier 
zugleich  entwicklungsgescdiichtlicdien  riiasen  entsprechen  und  das  gauze 
System  den  Anforderungen  des  Ijiogenetischen  Grundgesctzes  geniigcn.  ^ on 
iiliidichen  Gesichtsimnkten  wunlen  aucli  Professor  lleecher  l>ei  iler  Bearbeitung 
der  Trilobiten  und  Professor  Ihintf  liei  jener  der  Gepbalopoden  geleitet.  Es 
ist  mil'  zweifelhaft,  ob  die  Zeit  zu  ciner  durchgrcifenden  Peforni  der  bio- 
logischen  Systematik,  bei  welcher  weniger  morphologische  und  vergleicliend- 
anatomische  Merkmale,  als  cmliryologisclie  und  pliylogenetisclie  (Jesichtsjmnkte 
im  A’ordergrund  stchen,  jetzt  schon  gekommen  ist  ; allein  jedenfalls  sucht  die 
in  Xord  America  gegenwiirtig  herrscliende  Striimung  auf  eincm  ncuen  eg 
zur  Walirheit  zu  gelangen  und  eine  die  genealogiscben  Bcziehungen  deutliclier 
wiederspiegelnde  Systematik  zu  erzielen. 

Bei  den  Pelecypodcn  hat  Herr  Dr.  dicdurch  Arawm///- eingefiihrten 

und  in  den  (Jrundziigen  mit  cinigen  Modificationen  angenommenen  Grnjipen 
(lurch  seine  eigene,  auf  langjiihrige  .Specialuntersucliungen  liasirte  Eintheilung 
ersetzt.  Die  Scaphopoden,  Amphineuren,  (iastropoden  und  Pteropoden 
wunlen  ^dn  Herrn  Professor  II.  ^l.  J'ihJiri/,  die  Crustaccen  mit  Ausnahme  der 
Trilobiten  und  einiger  anderer  (Ti'iipjien  von  Professor  ./.  S',  hiiifish'i/,  und  die 
ilbrigen  Arthropoden  von  meinem  langjiihrigen  Mitarbeiter  und  Ereund 
Profe.ssor  S.  II.  Snnldt'r  in  sachknndigster  Wcisc  durchgesehen. 

Eiir  den  wichtigen  Abschnitt  der  ('e])halo])oden  triigt  Herr  Professor 
Alphetis  Ih/iiff  die  Verant wortlichkeit.  Hier  treten  die  DiH'erenzen  mit  der 
deutschen  Ausgabe  am  autl'allendsten  zu  Tage,  vcrtritt  doch  dieser  Autor  am 
entschiedensten  die  moderne  Pichtung  in  America.  Obwohl  meine  An- 
schauungen  iiber  verschiedene  Grundprincipien  der  Systematik,  namentlich 
iiber  Aligrenzung  von  Fainilien,  Gattungen  und  Arten  von  denen  mcines 
amerikanischen  Gollegen  abwcichen,  so  glaubte  ich  doch  einem  so  liervoi  ra- 
genden  Kenner  der  fossilen  Gephalopoden  bei  der  Bearbeitung  des  von  ihm 
ubernommen  Alischnittes  viillig  freie  Hand  lassen  zu  miissen.  Das  TkX'1- 
]5()()K  ist  dadurch  um  eine  werthvolle  Originalarbeit  bereichert  worden,  welchc 
viele  bis  jetzt  noeh  nicht  veriitl'entlichte  Thatsachen  enthiilt. 

Zu  ganz  besondeiem  l)aid<  bin  ich  dem  Herausgeber  der  englischen 
Ausgabe  Herin  Dr.  C.  I!.  Eoslmdu  verjiHichtet.  Er  hat  keine  Miilie  gescheut, 
das  AVerk  mit  den  neusten  Ergebnissen  der  palaeontologischen  b’orschung  in 
Einklang  zu  bringen  und  den  Fortgang  derselben  zu  fiirdern. 

Du.  KABL  A.  VON  ZITTPIL. 


MUxchkx  im  Scjilcmhr,-  ISOO. 
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INTEODUCTION 


DEFINITION  AND  SCOPE  OF  PALAEONTOLOGY 

Palaeontology  (Aoyos  twv  TraXauZv  evTwi')  is  the  science  which  treats  of 
the  life  which  has  existed  on  the  globe  during  former  geological  periods.  It 
deals  with  all  ciuestions  concerning  the  properties,  classification,  relationships, 
descent,  conditions  of  existence,  and  the  distribution  in  space  and  time  of  the 
ancient  inhabitants  of  the  earth,  as  well  as  with  those  theories  of  organic  and 
cosmogonic  evolution  which  result  from  such  inquiries. 

By  fossils,  or  jretrifactions,  are  understood  all  remains  or  traces  of  plants 
and  animals  which  have  lived  before  the  beginning  of  the  present  geological 
period,  and  have  become  preserved  in  the  rocks.  The  evidence  which  is  in 
all  cases  conclusive  as  to  the  fossil  character  of  organic  remains  is  the 
geological  age  of  the  formation  in  which  they  occur,  whereas  their  mode  and 
state  of  preservation,  or  the  fact  of  their  belonging  to  extinct  or  to  still  living 
species,  are  merely  incidental  considerations.  Although,  as  a rule,  fossils  have 
undergone  more  or  less  radical  changes  during  the  process  of  fossilisation,  and 
are  usually  converted  into  mineral  substances,  as  the  term  petrifaction  indi- 
cates, nevertheless,  under  exceptionally  favourable  conditions  (as  in  frozen 
ground,  amber,  resin,  peat,  etc.),  jrlants  and  aTiimals  may  lie  preserved 
through  geological  periods  in  a practically  unaltered  state.  Carcasses  of 
mammoths  and  rhinoceroses  entombed  in  the  frozen  mud-clift’s  of  Silieria,  and 
inclusions  of  insects,  spiders,  and  plants,  in  amber  are  none  the  less  genuine 
fossils,  in  spite  of  their  having  sustained  no  trace  whatever  of  mineral 
infiltration. 

A by  no  means  inconsiderable  number  of  plants  and  animals  occurring 
strictly  fossil  in  Tertiary  and  Pleistocene  formations  belong  to  still  living 
species ; while,  on  the  other  hand,  the  remains  of  forms  which  have  become 
extinct  during  historical  times  (Iihijfina,  Alca,  Didits,  Fezophaps,  etc.)  can  no 
more  be  classed  as  fossils  in  the  true  sense  of  the  word  than  all  such  recent 
organisms  as  may  chance  to  become  buried  in  deposits  now  forming  under  the 
present  prevailing  orographic  and  climatal  conditions. 

The  changes  which  organic  bodies  undergo  during  the  process  of  fossilisa- 
tion are  partly  chemical  and  partly  mechanical  in  their  nature.^  According 

^ White,  duirles  .1.,  Conditions  of  preservation  of  invertebrate  fossils.  Bull.  U.S.  Geol.  and 
Geog.  Survey  Territ. , 1880,  vol.  V.  p.  133. 

Trabucco,  Oiac.,  La  Petriflcazione.  Pavia,  1887. 
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ELEMENTS  OF  PALAEONTOLOGY 


as  certain  portions  of  tlie  original  suljstance  are  removed,  or  are  replaced  atom 
for  atom  Ly  foreign  matter,  the  result  ma}"  be  either  carbonisation,  decom- 
position, total  dissipation,  or  petrifaction. 

Carhonisation  is  a deoxidising  })rocess  taking  place  under  water  or  with 
limited  access  of  air,  and  especially  common  among  plants.  Fossil  wood  and 
other  vegetable  matter  abound  in  ]>oat,  lignite,  and  bituminous  coal,  the 
leaves  being  transformed  into  a thin  Hake  of  carbon,  on  which  often  the  finest 
venation  is  still  discernible.  In  some  cases  chitinous  animal  structures  also 
become  carbonised,  as  in  insects,  crustaceans,  and  gra})tolites. 

Lecomposition  as  a rule  effectually  destrovs  all  organic  carbon  and  nitrogen 
compounds.  With  few  exceptioms,  therefore,  animals  without  hard  parts, 
such  as  worms,  infusorians,  naked  mollusca,  most  hydrozoa,  many  anthozoa, 
and  the  embryoes  of  vertebrates,  leave  no  traces  behind  in  the  rocks.  Horn, 
hair,  chitin,  and  similar  structures  are  likewise  totally  destroyed  during  the 
fossilisation  j)rocess,  while  only  under  esjiecially  favourable  conditions,  as,  for 
instance,  in  ice  or  in  frozen  soil,  muscidar  and  epidermal  tissues  remain 
unchanged;  or  else,  through  the  taking  up  of  lime  i)hosphate  in  argillaceous 
and  calcareous  (lej)osits,  undergo  a sort  of  ])ctrifaction,  in  which  the  finer 
structure  is  but  little  altered.^  Even  the  conservablc  hard  ]>arts  of  animal 
bodies  are  deprived  of  their  organic  compounds;  bones  give  uj)  their  fats  and 
oils,  and  the  shells  of  mollusks,  echinodenus,  and  crustaceans  lose  their  ]>ig- 
ments  and  soft  substratum.  'I'he  hard  portions,  which  first  become  more  or 
less  })orous  through  loss  of  their  organic  constitTients,  next  suffer  the  gradual 
disintegration  of  their  inorganic  compounds,  and  e.xperience  lastly  either  total 
dissolution,  reabsorption,  or  petiifaction. 

J’efrifaclioii. — In  this  ])rocess  foreign  substances  soluble  in  Avater  (chiefly 
calcium  carbonate  and  silica,  moi’c  I'arely  jnu’ites,  iron  o.xyhydrate,  and  other 
salts)  ini])regnate  and  coiu])letely  fill  all  original  cavities  as  well  as  those 
formed  subsevpientlv  by  ileeay.  Clicmical  metamorphism  takes  place 
occasionally,  when,  owing  to  the  decom])osition  of  certain  inorganic  con- 
stituents, the  original  molecules  become  rej)Iaced  by  those  of  other  substances. 
For  instance,  avc  find  (piartz  ])seudomorj)hs  after  calcareous  tests  and 
skeletons,  and  conversely,  calcite  j)seudoniorphs  after  silica,  as  in  certain 
sponges. 

Y’herever  the  space  originally  occupied  by  soft  ]>arts,  as,  for  cxamifle,  the 
interior  of  a shell  or  other  hollow  body,  becomes  filled  up  with  infiltrating 
ooze,  Avhile  the  shell  itself  or  the  enclosing  wall  decays,  there  is  ])roduced  a 
rust  of  the  interior,  which  in  most  cases  (especiall}'  where  the  shell  is  thin,  as  in 
ammonites,  brachiopods,  certain  mollusks,  and  crustaceans)  preserves  an  exact 
copy  of  the  original  form,  and  is  susceptiljle  of  as  accurate  determination  as 
the  real  object.  Not  infreipiently  fossil  organisms  leave  mnhh  or  imprints  of 
their  shells  or  skeletons — veiy  rarely  of  their  whole  bodies — in  the  rocks. 
Sometimes,  indeed,  their  presence  is  indicated  merely  ly  trucks  or  footjn'ints. 

Fossils  are  often  distorted  bv  mechanical  agencies,  such  as  faulting,  folding, 
crushing,  and  other  deformations  of  the  country  rock.  Such  cases  retpiire 
especial  attention,  and  due  caution  must  Ire  observed  in  their  determination. 

Palaeontology  and  Biology. — Although  the  fossil  remains  of  ancient 
life-forms  jield  but  a fragmentary  record  of  themselves,  are  almost  never 


1 lids,  Otto,  Ueber  retrificinmg  der  Muskulatiir.  Arcli.  mikroskop.  Anat.,  Baud  XLI. 
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perfectly  preserved,  and  are  usually  more  or  less  altered  in  appearance,  yet,  on 
the  whole,  they  readily  fit  into  place  in  the  great  framework  of  the  zoological 
and  botanical  classifications.  Notwithstanding  all  their  differences,  they  are 
built  on  the  same  general  plan  as  recent  organisms,  and  their  identification 
requires  the  most  careful  comparison  Avith  nearly  related  plants  and  animals. 
The  methods  of  palaeontological  research  do  not  differ  from  those  employed 
by  the  zoologist  and  botanist,  excepting,  of  coarse,  that  the  palaeontologist  is 
restricted  to  those  parts  alone  which  are  capable  of  preservation,  and  must 
reconstruct  the  missing  soft  parts  ideall}^  from  analogy  Avith  recent  forms.  It 
is,  nevertheless,  incumbent  on  the  palaeontologist  to  obtain  all  possible  informa- 
tion from  the  material  such  as  it  is,  aided  by  eA'ery  means  he  can  devise ; and 
hence  his  investigations  do  not  cease  Avith  an  examination  of  the  external, 
macroscopic  characteristics,  but  must  be  extended  to  the  finer  microscoj)ic  and 
histological  as  Avell.  In  numerous  subdiAusions  of  the  animal  and  vegetable 
kingdoms,  palaeontolog}'  has  anticipated  zoology  and  botany  by  important 
histological  discoAmries  ; in  the  branch  of  A'ertebrate  comparative  anatomy,  for 
example,  through  the  exhaustive  study  of  conservable  hard  parts,  such  as  the 
teeth,  skeleton,  dermal  coA^ering,  etc.,  this  science  has  been  elevated  to  its  present 
high  standard  chiefly  by  palaeontologists  (Cuvier,  Owen,  Huxley,  H.  v.  Meyer, 
Riitimeyer,  Marsh,  Cope,  and  others).  The  principle  of  correlation  of  parts,  first 
applied  Avith  such  eminent  success  by  CuA’ier,  according  to  Avhich  all  parts  of  an 
organism  stand  in  certain  fixed  relationships  to  one  another,  so  that  one  part 
cannot  varA’  Avithout  a corresponding  Auiriation  taking  place  in  the  others,  is 
noAv  Avorked  out  not  only  for  the  Avhole  group  of  vertebrates,  but  for  inverte- 
brates as  Avell ; and  its  elaljoration  is  such  that  frequently  a single  bone,  tooth, 
or  plate,  a sadly  demolished  carapace,  a shell-fragment,  a bit  of  stem,  and  the 
like,  is  sufficient  for  us  to  form  a tolerably  accurate  conception  of  their  former 
OAvner.  It  is  therefore  clear  that  in  so  far  as  j^alaeontology  has  to  deal  with 
the  study  and  classification  of  fossil  organisms,  it  is  no  other  than  a part  of 
zoology,  comparative  anatomy,  and  botany,  and  hence  may  be  very  properly 
divided  into  Palaeozoologij  and  Palaeohotamj.  Palaeontology  has  astonishingly 
increased  the  subject-matter  of  the  tAvo  I)iological  sciences,  has  filled  up  in- 
numerable gaps  in  the  system,  and  has  infinitely  enriched  our  knoAvledge  of  the 
A'ariety  and  complexity  of  plant  and  animal  organisation.  In  almost  eveiy  class 
of  both  kingdoms  Avhere  preservation  is  jAossible,  the  number  of  fossil  forms 
considerably  exceeds  the  recent.  A natural  classification  of  the  Foraminifera, 
sponges,  corals,  echinoderms,  mollusks,  A-ertebrates,  and  of  the  vascular  crypto- 
gams, cycads,  and  conifers,  Avould  be  utterly  inconceivable  Avithout  taking 
palaeontological  evidence  into  account,  since  in  certain  classes  (brachiopods, 
cephalopods,  reptiles,  mammals)  the  number  of  extinct  fossil  forms  is  ten,  a 
hundred,  or  even  a thousand-fold  greater  than  the  living,  and  this  proportion  is 
steadily  increasing  in  favour  of  palaeontology,  since  neAv  fossiliferous  localities 
are  being  discovered  almost  daily  in  various  parts  of  the  AAmrld. 

Palaeontology  and  Geology. — xilthough  as  a biological  science  palaeon- 
tology does  not  differ  essentially  from  botany  and  zoology,  yet  its  connection 
Avith  geology  is  none  the  less  intimate,  and  consequently  it  has  been  cultivated 
quite  as  assiduously  by  geologists  as  by  biologists.  The  material  is  brought  to 
light  almost  Avholly  by  geologists  or  by  geological  collectors,  Avho  deriA'e  it 
from  the  stratified  rocks  of  the  earth’s  crust — that  is  to  say,  rocks  which  have  been 
formed  by  the  subaqueous  deposition  of  sediment,  or  have  been  built  up  from 
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detritus  on  dr)"  land  by  the  agency  of  n-inds.  The  distribution  of  fossils 
among  stratified  rocks  is  by  no  means  promiscuous,  and  neither  do  all  rocks 
contain  tlie  same  species  ; but,  on  the  contrary,  each  separate  stratigraphical- 
complex,  and  frequent]}'  even  single  beds  and  layers,  are  characterised  by 
certain  particular  suites  of  fossils.  Tlie  older  the  rock,  the  more  strikingly 
dift'erent  from  recent  organisms  are  its  fossil  remains  ; the  younger  the  forma- 
tion, the  greater  is  their  resemblance.  Xou',  since  experience  shows  that 
contem])oraneous  deposits  which  have  been  laid  down  under  similar  conditions 
(as,  for  example,  in  salt  or  in  fresh  water)  contain  identical  or  at  least  very 
similar  fossils,  the  latter  furnish  us  with  an  infallible  guide,  taken  together 
with  the  local  stratigraphic  succession,  for  determining  the  relative  age  of  a 
given  formation.  Furthermore,  a knowledge  of  the  fossils  occurring  in  homo- 
taxial  deposits  enables  us  to  reconstruct  the  various  palaeofaunas  and  palaeo- 
Horas  which  have  existed  on  our  planet  at  ditferent  periods  in  its  history. 
Having  determined  the  chronological  succession  of  the  clastic  rocks  by  means 
of  their  superimpo.sition  and  their  characteristic  or  index-fossils,  they  may  be 
divided  up  into  still  smaller  series,  each  one  of  which  is  characterised  by  a 
particidar  a.ssemblage  of  organic  remains.  In  the  main,  then,  palaeontology  is 
the  \dtimatc  foundation  of  historical  geology. 

Fxclnding  the  olilest  metamorphic  rocks  (gneiss,  mica  schists,  phyllites, 
etc.)  which  are  destitute  of  fossils,  and  concerning  whose  origin  there  is  still 
great  diiference  of  opinion,  the  tcjtal  thickness  of  the  sedimentary  rocks 
amounts  to  20,000 — .'50,000  metres.  The  building  up  of  this  prodigious 
])ile  of  rock  must  have  e.xtended  over  an  inconceivably  long  time,  whose  dura- 
tion cannot  even  a])proximately  be  estimated,  since  we  are  without  data  as 
to  the  I'ate  of  deposition  in  former  jjeriods,  and  since  the  beginning,  culmina- 
tion, and  end  of  geological  ej)ochs  cannot  be  correlated  with  astronomical 
events. 

Since,  however,  the  earth  has  been  inhabited  in  former  times  by  very 
dih'erent  creatures  from  those  now  living;  since  successive  palaeofaunas  and 
])alaeolloras  follow  one  another  everywhere  in  the  same  order;  and  since, 
furthermoi'e,  in  certain  fonnations  the  greater  part  or  even  the  total  number 
of  species  appear  and  disappear  in  a body,  so  that  one  fauna  or  flora  is 
replaced  almost  in  its  entirety  by  the  next  following  ; it  is  obviotis  that  the 
sedimetitarv  rocks  may  be  subdivided  into  a number  of  loimer  and  shorter 
time  measures,  which  may  be  designated  by  particular  names.  The  beginning 
and  end  of  such  periods  (group,  system,  or  formation,  series  or  section,  stage, 
zone,  01-  beil)  is  usually  indicated  by  local  interruptions  in  the  deposition, 
occasioned  by  variations  in  sea-level,  volcanic  eruptions,  or  by  other  causes  ; 
and  such  disturbances  are  usually  accompanied  by  changes  in  the  flora  and 
fauna.  The  now  generally  accc|)ted  subdivision  of  the  secondary  rocks  is 
represented  in  the  table  on  page  5,  in  which  it  should  be  noted  that  only  the 
first  three  columns  are  of  univei’sal  significance,  while  the  last  two  apply  ordy 
to  European  conditions. 

The  rocks  of  the  Archaean  Group  amount  to  40,000 — 60,000  metres  in 
thickness.  They  belong  to  the  oldest  and  longest  period  in  the  history  of 
our  planet,  and  are  remarkable  for  their  schistose  and  crystalline  structure,  as 
well  as  for  the  total  aljscnce  of  fossils.  In  order  of  stratigraphy,  gneiss  com- 
l)rises  for  the  most  part  the  oldest,  mica,  chlorite,  and  talc-schists  the  middle, 
and  phyllites  (primitive  schists)  the  youngest  division  of  this  group.  The  so- 
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called  fossil  organism,  Eij:moi\,  occurring  in  gneiss,  has  been  proved  to  be  of 
inorganic  nature. 

'I’he  ralacozoic  or  Primunj  Group  comprises  the  Cambrian,  Ordovician, 
Silurian,  Devonian,  Carbordferous,  and  Permian  systems,  each  of  Avhich  is 
made  u})  of  a great  nund)er  of  series,  stages,  and  zones.  In  the  Cambrian 
crustaceans  (trilobites),  mollusks  and  worms  predominate,  associated  with  a 
few  Pelmatozoa,  coelenterates,  sponges,  and  poorly  preserved  algae.  In  the 
Silurian  system  all  classes  of  the  animal  kingdom  are  represented  with  the 
exception  of  amphibiams,  rei)tiles,  birds,  and  mammals,  while  the  flora  still 
consists  c>f  algae.  IMarine  invertebrates  are  very  abundant,  especially  crus- 
taceans, mollusks,  echinoderms,  and  coelenterates,  while  only  a few  frag- 
mentary fish-i'emaius  indicate  the  presence  of  vertebrates.  All  the  species, 
and  nearly  all  the  genera,  have  since  become  extinct,  and  belong  for  the  most 
])art  to  extinct  families  and  orders.  During  the  Devoinan,  Carboniferous,  and 
I’ermian  systems,  the  same  classes  of  animals  continue  as  a boch'',  but  are 
represented  by  totally  ditierent  fandlies  and  genera.  Fishes  develop  a great 
variety  of  forms  in  the  Devonian,  amphibians  (Sterjocephaliu)  make  their 
appearance  in  the  Carboidferous,  and  reptiles  in  the  Permian.  The  flora  con- 
sists chiefly  of  vascular  cryptogams,  together  with  a few  conifers  and  cycads. 

I he  Mesozoic  Group  comprises  three  systems — the  Triassic,  Jurassic,  and 
Cretaceous.  Man}’  of  the  widely  distributed  Palaeozoic  types  {TeiracoraUa, 
( t raptolites,  Crinoids,  Ci/siids,  JUnstoids,  li rarhiopod s,  Trilobites)  have  either  wholly 
oi'  in  greater  jiart  disapj)eareil,  while  others  (Cejdialopods,  Lurnctlihranchs,  Sea- 
urchins)  are  replaced  by  very  different  genera  and  families.  A'ertebrates  are 
remarkable  for  the  gigantic  size  attained  by  amphibians  {Lnhjrinthodonta)  and 
many  reptiles,  as  well  as  for  the  wonderful  variety  of  the  latter.  Birds  appear 
for  the  first  time  in  the  I [>per  .lurassic  {A irhaeopterijx),  and  mammals  towards 
the  close  of  the  Triassic,  being  represented  by  diminutive,  probably  mar- 
supial tyj)es.  During  the  Tidassic  and  Jurassic  periods,  vascidar  cryptogams, 
coidfers,  atid  cveads  remain  the  dominant  i)laut  forms,  dicotyledons  not  occur- 
ring until  the  middle  Cretaceous. 

I he  Genowic  Group  comprises  the  Tertiary  and  Post-Tertiary  or  Quaternary 
systems.  Among  the  invertebrates,  ammonites,  belemnites,  Kudistae,  and 
most  of  the  Crinoidea  liave  now  passed  away.  .Amphibians  and  reptiles  have 
gi’eatly  declined,  and,  like  the  invertelnates,  are  represented  by  still  living 
orders.  On  the  other  hand,  l)irds,  and  most  particularly  mammals,  attain  a 
wide  distribution  ; the  latter  class  l)ra.nches  out  in  such  manifold  variety,  and 
experiences  such  raj)id  development  during  Cenozoic  time,  that  it  alone 
furnishes  us  with  the  princi])al  index-fossils  of  this  era.  From  now  on  the 
flora  consists  chiefly  of  dicotyledonous  ])lants. 

Palaeontology  and  Physical  Geography. — Not  oidy  do  fossils  con- 
stitute the  veiy  foundation  of  historical  geology,  but  they  furnish  us  in 
addition  with  invaluable  information  respecting  the  origin  of  the  rocks  in 
which  they  occur,  the  former  distrilmtion  of  land  and  water,  climatal 
conditioms,  and  the  laws  of  geographical  distribution  that  have  prevailed  in 
former  periods.  By  means  of  analogy  with  recent  species  we  are  able  in 
most  cases  readily  to  determine  whether  fossil  forms  pertain  to  land,  fresh, 
brackish,  or  salt  water  species,  whence  it  is  apparent  under  what  conditions 
the  strata  were  deposited.  The  distribution  of  marine  and  fresh-water 
formations  helps  us  to  certain  conclusions  respecting  the  extent  of  former 
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seas  and  land  areas.  Deep-sea,  shallow  water,  and  littoral  deposits  are 
readily  distinguishable  by  means  of  their  fossil  organisms.  By  fossils,  also, 
even  the  climatal  conditions  of  former  periods  are  recorded  with  great 
fidelity.  The  luxurious  and  uniform  development  of  cryptogams  over  the 
face  of  the  globe  during  Carboniferous  time  presupposes  a warm,  moist 
climate,  little  varying  rvith  latitude ; tropical  dicotyledons  occurring  in  the 
Cretaceous  and  Tertiary  deposits  of  Greenland,  or  coral-reefs  extending  into 
high  latitudes  during  the  Palaeozoic  era,  prove  with  equal  certainty  the  pre- 
valence of  a milder  climate  and  higher  oceanic  temperature  in  earlier  times ; 
while  again,  the  remains  of  reindeer,  the  lemming,  musk-ox,  polar  fox,  and 
other  arctic  animals  in  the  diluvium  of  Central  Europe  testify  to  a period  of 
glaciation  with  reduced  mean  annual  temperature. 

The  geographical  distribution  of  fossil  organisms  proves  that  the  regions 
and  provinces  occupied  by  recent  plants  and  animals  are  to  a certain  extent 
identical  with  those  existing  in  the  Tertiary,  and  that  life  has  been  subject  to 
the  same  distributional  laws  in  the  past  as  in  the  present.  Nearly  all  recent 
forms  are  the  obvious  descendants  of  extinct  creatures  which  formerly 
occupied  the  same  region.  For  example,  the  fossil  mammals,  Inrds,  and 
reptiles  of  Diluvial  time  in  Europe,  Asia,  Australia,  North  and  South  America, 
are  scarcely  distinguishable  from  forms  now  inhabiting  the  same  continents. 
The  old  ancestral  homes  of  marsupials  and  edentates  were  perpetuated  in 
Australia  and  South  America  until  as  recently  as  the  Diluvial  epoch,  and 
during  the  Tertiary,  Europe,  Asia,  and  America  formed  but  a single  zoological 
province,  inhabited  by  the  ancestors  of  forms  now  living  in  the  northern 
hemisphere.  An  understanding  of  the  physical  conditions  which  have 
governed  the  perpetuation  of  recent  plants  and  animals  in  their  respective 
provinces  {succession  of  similar  fi/joes)  would  be  utterly  impossible  without  a 
knowledge  of  their  distribution  in  former  times.  In  like  manner,  our  know- 
ledge of  the  distribution  of  land  and  water,  of  the  climatal  conditions,  oceanic 
currents,  etc.,  of  earlier  periods  depends  chiefly  upon  evidence  derived  from 
fossils. 

Palaeontology  and  Embryology  {Ontogeny). — To  trace  living  plants 
and  animals  through  all  stages  of  growth  from  the  egg  upward  to  maturity, 
and  thence  on  to  final  dissolution,  is  the  task  of  Embryology  or  Ontogeny. 
At  the  present  moment,  liotanists  and  zoologists  are  devoting  their  most 
scrutinising  attention  to  embryological  investigations,  which  latter  accordingly 
exert  a powerful  influence  on  the  progress  of  biology,  and  particularly  on  the 
classification.  The  fact  that  every  individual,  species,  and  genus  of  a whole 
group  of  plants  and  animals  passes  through  nearly  the  same  course  of 
development,  at  least  in  the  primary  stages,  and  that  all  embryoes  belonging 
to  a given  order  or  class  resemble  one  another  so  closely,  up  to  a certain 
stage,  that  they  cannot  be  told  apart,  has  revealed  unexpected  affinities  among 
forms  differing  very  considerably  in  the  adult  stage.  Cirripedes,  for  example, 
which  were  formerly  mistaken  for  shell-bearing  mollusks,  develop  from  the 
same  Nauplius-larvae  as  the  Copepoda,  Phyllopoda,  and  Ostracoda,  although 
the  mature  individuals  belonging  to  these  orders  of  crustaceans  possess 
but  little  common  resemljlance.  Likewise,  the  whole  group  of  vertebrate 
embryoes  can  hardly  be  distinguished  from  one  another  in  the  earliest  stages, 
and  only  very  gradually  assume  the  characteristic  features  pertaining  to  class 
and  order. 
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The  results  of  embiyological  inquiry  have  a most  important  bearing  on 
jmlaeontology.  Numerous  fossil  forms  are  known,  which,  in  comparison 
with  recent  related  organisms,  exhibit  embryonic,  or  at  least  larval  or  adol- 
escent characteristics.  Exam})les  of  such  persistent  cmhnjonic  types  are  especi- 
ally common  in  vertebrates,  for  the  reason  that  here  tlie  skeleton  Ijecomes 
ossified  very  early  in  life,  and  hence  the  immature  stages  of  the  recent  can  be 
directly  compared  with  adidt  fossil  forms.  Now,  observation  has  shown  that 
in  most  of  the  older  fossil  fishes  and  reptiles,  the  vertebral  column  never 
passed  beyond  an  embryonic  stage,  but  remained  in  a cartilaginous  or 
incompletely  ossified  condition  through  life.  The  Palaeozoic  amphibians 
{SteyocephaUa)  jn-obaldy  breathed  by  means  of  both  gills  and  lungs  through- 
out life,  whereas  most  recent  amjjhilnaus  lose  their  gills  comparatively  early 
(Cadncihraiichin),  and  breathe  wholly  by  lungs.  Many  fossil  reptiles  and 
mammals  retain  certain  skeletal  peculiarities  permanently,  vdiile  allied  recent 
forms  exhibit  them  only  in  embryonic  stages.  The  construction  and  shajie 
of  the  skull  in  most  of  the  older  fossil  reptiles  and  mammals  closely  corre- 
sponds with  that  in  embryoes  of  recent  related  types.  In  the  oldest  fossil 
artiodactyls  the  palm-bones  are  all  completely  separated,  while  in  recent 
ruminants  this  division  continues  only  during  the  embryoinc  stage,  being 
followed  by  a fusion  of  the  two  median  metapodals,  together  with  a reduction 
of  the  laterals.  Among  invertebrates,  also,  fossil  eml)iyonic  types  are  by  no 
means  uncommon.  The  Palaeozoic  Belinnridae  find  their  counterjxirt  in  the 
larvae  of  the  common  Liiiiiilus ; many  fossil  sea-urchins  are  characterised  by 
linear  ambulacra,  while  recent  related  forms,  although  developing  ]>etaloid  radii 
in  the  adult  stage,  pass  through  the  linear  phase  during  adolescence.  IMany 
fossil  crinoids  Ijefore  maturity  reseml)le  the  living  genus  Attiedon ; and, 
according  to  Jackson,  recent  oysters  and  Pectens  exhibit  in  their  nejnonic 
stages  certain  chai'acters  pecidiar  to  I’alaeozoic  genera  of  mollusks. 

Tlie  so-called  fossil  yeneraUsed  or  comprehensive  types,  which  unite  in  one  and 
the  same  form  characters  which,  in  geologically  later,  or  recent  descendants, 
have  become  distril)nted  among  ditt’erent  genera  and  families,  arc  in  reality 
merely  adolescent  or  immature  t\q)cs  which  have  stoj)pcd  short  of  the  higher 
diflei'entiation  attained  by  their  descendants.  Generalised  types  always 
precede  more  highly  specialised ; and  proi)erties  that  were  originally  distri- 
Ijutive  among  older  forms  arc  never  reunited  in  geologically  younger  species 
or  genera.  Trilolutes,  amphibians,  and  reptiles  of  the  Palaeozoic  and  Mesozoic 
eras,  and  early  Tertiary  mammals  belong  almost  exclusively  to  the  category 
of  generalised  types. 

In  certain  groups  of  vertebrates,  and  especially  of  mammals  {Unyulata, 
Carnivoru),  the  chronological  succession  of  genera  is  so  closely  ^walleled  by 
the  successive  stages  of  development  in  the  life-history  of  their  descendants, 
that  to  a certain  extent  the  ontogeny  of  the  individual  is  a representment  of 
a long  chronological  series  of  fossil  forms.  This  truth  furnishes  a strong 
foundation  for  the  tnoycnetic  law,  enunciated  in  various  terms  by  Geoffroy  St. 
Hilaire,  Serres,  IMeckel,  Fritz  IMiiller,  and  others,  and  recently  more  precisely 
formulated  by  Haeckel,  as  follows  : — The  developmental  history,  or  ontogeny  of 
an  individual  is  merely  a short  and  simplified  repetition  or  recapitulation  of 
the  slow  (perhaps  extending  over  thousands  of  years)  process  of  evolution  of 
the  species  and  of  the  whole  branch. 

The  biogenetic  law  has  since  been  found  to  hold  true  not  only  for  verte- 
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brates,  but  also  for  invertebrates,  including  even  totally  extinct  types.  In 
ammonites,  for  instance,  the  primary  or  iiiTiermost  whorls  always  ditfer  from 
the  outer  in  their  greater  simplicity  of  suture,  and  in  their  lesser  ornamenta- 
tion. Very  often  a similarity  is  observalde  with  geologically  older  forms  ; 
and  it  is  a well-known  fact  that  all  ammonites  pass  through  early  stages  which 
resemble,  at  least  so  far  as  chambering  of  the  shell  is  concerned,  Palaeozoic 
goniatites.  A comparison  of  the  inner  whorls  of  an  ammonite  with  its  corre- 
sponding goniatitic  form,  or  with  older  ammonites,  seldom  fails  to  reveal 
ties  of  kinship  not  otherwise  discernil)le.  Beecher  has  shown  that  nearly 
every  stage  in  the  growth  of  arm-supports  in  recent  brachio})ods  corresjionds 
to  some  fossil  genus  : and  further,  that  the  chronological  succession  of  the 
latter  is  to  a certain  degree  identical  with  the  successive  ontogenetic  stages 
of  recent  forms. 

The  relation  of  so-called  rmUmerdarij  organs  occurring  in  recent  forms  to 
those  of  the  allied  predecessors  of  the  latter  is  of  particular  significance. 
By  rudimentary  organs  are  meant  certain  structures  (as,  for  exanude, 
limbs,  parts  of  limlis,  organs  of  sense,  respiration,  digestion,  reproduc- 
tion, etc.),  which  are  still  indicated  by  dwarfed  remains,  l)ut  whose 
physiological  functions,  and  hence  their  utility  to  the  organism,  have  Avholly 
disappeared.  Eudimentary  organs  are,  as  a rule,  either  normally  de- 
A'eloped  in  an  embryonic  stage,  or  at  least  more  strongly  than  in  the  adult 
individual,  owing  to  a process  of  degeneration,  or  retrogressive  development. 
The  fossil  progenitors  of  forms  possessing  rudimentary  organs  are  almost 
always  characterised  by  a full  development  of  the  respective  ^jarts.  The 
lateral  metacarpals  and  metatarsals  in  the  horse  and  most  ruminants,  for 
example,  are  indicated  only  by  rudimentary  side-splints  ; but  in  an  emljryonic 
stage  they  are  much  more  strongly  developed,  and  in  related  fossil  forms  they 
occur  as  normal  bones,  carrying  toes  like  the  other  metapodals,  and  serving 
for  locomotion  and  support.  The  wrist  and  metacarpal  bones  in  lurds  have 
also  suffered  degeneration,  as  is  evident  from  a comparison  with  embryoes 
and  with  older  forms  {Archaeopteryx),  which  exhibit  a much  higher  develop- 
ment. In  like  manner,  the  teeth  of  Inrds  have  also  become  degenerated.  In 
only  a few  forms  (parrots)  are  indications  of  dental  ridges  discernible 
during  embryonic  stages ; but  in  all  known  Mesozoic  birds  the  teeth  are 
well  developed  and  remain  functional  throughout  life.  Similarly,  teeth  are 
developed  during  embryonic  stages  in  the  baleen  whale,  but  subsequently 
become  atrophied ; while  in  the  older  fossil  Cetacea  teeth  are  always  present. 
Other  instances  of  this  nature  are  to  be  met  with  in  great  profusion,  both 
among  vertebrates  and  invertebrates. 

The  biogenetic  law  is,  however,  not  infrequently  obscured,  for  the  reason 
that  two  closely  related  forms  may  not  develoj>  in  exactly  the  same  manner ; 
embryoes  of  the  one  type  may  be  attected  by  peculiar  accelerating  impulses 
which  are  not  shared  by  those  of  the  other,  and  in  consequence  the  first  may 
pass  through  certain  stages  very  rapidly,  or  may  even  omit  them  altogether. 
In  this  way  the  historical  or  palingenetic  record  contained  in  the  growth  of 
every  individual  may  be  to  a large  extent  sujipressed  or  rendered  unintelligible; 
and  this  phenomenon  of  inexact  parallelism  {coenogenesis)  is  especially  common 
in  highly  differentiated  types,  where  the  embryo  passes  through  a multitude 
of  jihases. 

Palaeontology  and.  Phylogeny. — -Mhile  conceding  that  by  means  of 
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embryological  investigations  zoologists  and  botanists  are  al)le  to  trace  out  the 
gradual  development  and  differentiation  of  an  organism  through  all  its  various 
stages,  and  thereupon  to  construct  a tree  of  descent  (j^lii/Jor/eni/)  founded  upon 
the  successive  phases  of  growth,  iievertheless  such  hvpothetical  genealogies 
can  oidy  l)e  relied  upon  as  tnithful  when  they  are  substantiated  by  jialaeonto- 
logical  facts.  And  only  in  cases  where  the  different  ontogenetic  stages  are 
represented  1)\’^  corresponding  fossil  embiyonic  or  generalised  types,  which 
appear  in  the  same  chronological  order,  and  clothe  the  supposititious  ancestral 
tree  with  real  forms,  can  the  truthfulness  of  the  latter  be  said  to  have  been 
established.  This  requirement  palaeontology  is  from  the  nature  of  things 
unable  to  satisfy  except  in  a few  instances  ; but  a multitude  of  other  facts, 
however,  testifies  to  the  blood-kinship  between  morphologically  similar  fossil 
and  recent  organisms,  and  points  to  the  direct  descent  of  the  vounger  from  the 
older  forms. 

Ideology  proves  conclusively  that  of  the  numerous  floras -and  faunas  which 
lie  buried  in  the  rocks,  those  which  are  most  nearly  of  the  same  geological 
age  bear  the  greatest  reseml)lance  to  each  other.  It  often  happens  that  species 
and  genera  occurring  in  a given  formation  reappear  in  the  next  following  with 
scarcely  any  perceptible  changes,  so  that  the  doctrine  of  the  gradual  trans- 
formation and  transmutation  of  oldei’  forms  is  irresistibly  forced  upon  one, 
while  the  faunas  and  floras  of  later  periods  assert  themselves  as  the  obvious 
descendants  of  the  more  ancient.  Other  weighty  evidence  for  the  progressive 
evolution  of  organisms  is  afforded  l)y  fossil  transitional  series,  of  Avhich  a 
considerable  number  are  known  to  tis,  notwithstanding  the  imperfection  of  the 
palaeontological  record.  By  transitional  series  are  meant  a greater  or  lesser 
number  of  similar  forms  occurring  through  several  successive  horizons,  and 
constituting  a practically  unliroken  morj)hic  chain.  Oftentimes,  indeed,  the 
difierences  between  inili\  iduals  belonging  to  different  periods  are  so  slight  that 
we  can  hardly  assign  to  them  the  value  of  a variety.  But  let  a number  of 
such  mutations  occur  in  succession,  the  end-members  of  the  series  become 
finally  so  divergent  as  to  constitute  distinct  species  and  genera.  The  most 
striking  and  most  numerous  examples  of  transitional  series  naturally  occur  in 
types  ])eculiarly  well  fitted  for  preservation,  such  as  mollusks,  brachiopods, 
sea-urchins,  corals,  and  vertel>rates.  Tarticularly  remarkable  among  mollusks 
are  the  closelv  linked  transitional  series  in  ammonites.  Anioim  vertebrates 
transTimtation  proceeded  far  more  rapidly  than  among  invertebrates,  and 
accordingly,  the  successive  members  of  a series  are  usually  so  divergent  as  to 
require  their  assignment  to  separate  genera. 

M ith  increasing  abundance  of  palaeontological  material,  the  more  numerous 
and  more  comj)lete  are  the  series  of  intermediate  forms  which  are  brought  to 
light.  But  the  more  extended  our  knowledge  of  transitional  series,  the  greater 
is  the  difficulty  we  encounter  in  defining  our  conception  of  species.  While  the 
older  disciples  of  the  Linnaean  and  Cuvierian  schools  contended  that  each 
individual  species  was  created  with  a certain  definite  sum  of  fixed  characters, 
and  remained  incapable  of  any  extensive  modifications ; on  the  other  hand, 
those  holding  to  the  theory  of  descent,  evolution,  or  transmutation,  look 
upon  varieties,  species,  subgenera,  genera,  families,  orders,  classes,  and  sub- 
kingdoms as  distinctions  of  merely  transient  importance,  corresponding  to 
the  state  of  our  information  at  the  present  time ; it  being  assumed  that 
by  means  of  gradual  transmutation  during  the  course  of  ages  all  organisms 
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have  become  evolved  from  a single  primitive  cell,  or  from  a few  primitive 

According  to  the  Linne-Cuvier  doctrine,  a species  is  composed  of  individuals 
which  are  directly  descended  from  one  another,  or  from  common  ancestors, 
and  which  resemble  their  progenitors  as  much  as  they  resemble  each  other. 
Members  of  one  and  the  same  species  interbreed,  while  individuals  belonging 
to  different  species  do  not  cross,  or  when  they  do,  produce  infertile  or  imper- 
fectly fertile  offspring. 

According  to  the  theory  of  descent,  no  sharp  specific  distinctions  can  be 
drawn,  but  all  individuals  are  assigned  to  the  same  species  which  possess  a 
number  of  essential  properties  in  common,  and  which  are  not  connected  on 
all  sides  with  neighbouring  groups  by  means  of  intermediate  types.  It  is 
plain  that  this  definition  is  open  to  consideral)le  laxity  of  interpretation,  and 
inasmuch  as  the  direct  descent  of  individuals  lielonging  to  a given  species 
cannot  always  (in  palaeontology  never)  be  determined  on  experimental  grounds, 
systematists  are  rarely  fully  agreed  in  regard  to  the  limitations  of  species, 
genera,  and  families. 

The  doctrine  of  the  invariability  of  species  received  powerful  support  from 
the  cataclysmic  theory  of  Cuvier,  which  maintained  that  each  period  in  the 
earth’s  history  is  marked  by  distinctively  characteristic  faunas  and  floras  ; that 
no  species  is  common  to  two  successive  periods ; that  tremendous  convulsions 
of  nature  {cataclysms)  occurred  at  the  close  of  each  cycle,  and  annihilated  the 
whole  organic  world ; and  that  by  means  of  special  creative  acts,  the  renovated 
earth  became  time  and  again  populated  Avith  new  animals  and  plants  Avhich 
bore  absolutely  no  connection  either  Avith  ju’eAdous  or  Avith  subsequently 
introduced  types. 

Cuvier’s  cataclysmic  theory  may  be  regarded  at  the  present  day  as  com- 
pletely overthroAvn,  inasmuch  as  the  modern  school  of  geology,  folloAving  the 
leadership  of  Sir  Charles  Lyell,  has  demonstrated  conclusively  that  the  earth 
has  proceeded  from  one  stage  to  another  during  the  course  of  its  development 
only  with  the  utmost  sloAvness ; that  the  same  forces  and  laAvs  Avhich  regulate 
the  Avorld  of  to-day  have  operated  likeAvise  in  primeval  times ; and  that  geo- 
logical periods  are  by  no  means  abruptly  set  off  from  one  another,  but,  on  the 
contrary,  are  linked  together  by  innumerable  transitional  stages. 

The  theory  of  the  descendant  origin  of  organic  forms,  Avhich  Avas  advanced 
as  early  as  1802  by  J.  B.  Lamarck  and  Geoffroy  St.  Hilaire,  and  Avas  supported 
by  Gothe,  Oken,  and  Meckel  in  Germany,  kept  Avinning  continually  more  and 
more  adherents,  yet  it  Avas  not  until  the  latter  half  of  the  present  century  that 
its  universal  significance  Avas  insisted  on  by  Charles  Dai’Avin  and  his  school. 

Palaeontology,  as  already  remarked,  contribAites  a great  deal  of  extremely 
Aveighty  evidence  in  favour  of  the  theoiy  of  descent ; the  series  of  intermediate 
forms,  often  traceable  through  several  successiA'e  formations ; the  presence  of 
embryonic  and  generalised  types ; the  parallelism  betAveen  ontogeny  and  the 
chronological  succession  of  related  fossil  forms ; the  similarity  lietAveen  floras 
and  faunas  of  approximately  the  same  age ; the  correspondence  in  the  geo- 
graphical distribution  of  recent  organisms  Avith  that  of  their  progenitors ; and 
a host  of  other  facts  are  explicable  only  by  means  of  the  theory  of  descent. 

The  causes  of  variation  and  transmutation  Avere  attril)uted  by  Lamarck 
chiefly  to  the  use  and  disuse  of  organs  ; secondly,  to  the  effect  of  changes  in  ex- 
ternal conditions  ; and  lastly,  to  a supposed  resident  tendency  toAvard  variation 
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;uk1  perfection  existing  in  each  individual.  According  to  Lamarck,  new 
properties  brouglit  about  Ijy  these  influences  are  transmitted  to  descendants 
through  inheritance,  and  become  j)ermanently  established  in  the  race.  Geoffroy 
St.  Hilaire  maintained  the  same  ])rinciples  on  the  whole,  but  ascribed  the  chief 
causes  of  variation  of  species  to  the  influence  of  environment. 

The  Darwinian  theory  of  natural  selection  is  based  upon  the  property 
common  to  all  organisms  of  acquiring  ancestral  characteristics  through  heredity, 
and  of  transmitting  them  in  turn  to  their  progeny  ; and  also  on  the  adapta- 
Inlity  of  organisms  to  particular  external  conditions,  by  means  of  which 
variations  are  brought  about.  Since  in  the  struggle  for  existence  only  those 
individuals  which  are  the  best  adai>ted — that  is  to  sa}q  those  possessing  the 
most  advantageous  modifications — survive,  nature  is  continually  exercising, 
according  to  Darwin,  a most  rigorous  selection  which  o^jerates  toward  the 
increase  and  j)erfcction  of  useful  variations.  Through  the  constant  accumula- 
tion of  originally  slight  yet  serviceable  modifications,  and  through  the  perpetual 
transmission  of  the  same  from  one  generation  to  another,  there  arc  produced 
first  different  varieties,  then  species,  and  eventually  genera,  families,  and  orders. 
The  zoological  and  botanical  classifications  are,  according  to  Darwin,  mei’ely  an 
expression  of  genealogical  facts,  exhibiting  the  remoter  and  closer  ties  of  con- 
sangninity  which  exist  among  different  organic  forms. 

Darwin’s  ex])lanation  of  the  origin  of  species  through  the  agency  of  natural 
selection  found  in  Wallace,  Huxley,  Haeckel,  and  others,  zealous  and  ingenious 
supporters,  while  on  other  sides  it  encountered  vehement  opj)osition.  M. 
Wagner  regarded  free  intercrossing  as  an  insurmountable  obstacle  to  the 
establishment  of  new  modifications,  and  contended  that  the  isolation  of  a few 
individuals,  a condition  which  would  occur  most  frequently  during  migrations, 
was  a necessary  postulate  in  accounting  for  the  origin  of  each  new  variety  or 
s})ecies.  Ilronn,  Xiigeli,  and  A.  Lraun  raised  the  objection  to  Darwin’s  theory 
of  natural  selection  that  many  organs  are  entirely  useless  to  the  individual, 
and  therefore  natural  selection,  which  depends  upon  the  ju’inciple  of  utility, 
could  neither  have  jiroduced  such  organs  nor  could  have  modified  them  in  any 
way.  Xiigeli  assumed  that,  in  addition  to  natural  selection,  a certain  resident 
tendency  toward  j)erfection,  inherent  in  every  individual,  takes  ])art  in  con- 
ditioning the  gi'owth  of  moi'j)hological  characters.  Every  variation  brought 
about  by  external  or  internal  agencies  is  at  once  in  the  nature  of  a difl'erentia- 
tion,  a step  forward  in  the  division  of  labour,  and  consequently  an  advancement. 

Weismann  ende:i\  oured  in  a similar  manner  to  supplement  Darwin’s  theory 
of  selection  by  his  hyj)othesis  of  the  continuity  of  germ-])lasm.  According  to 
AVeismann,  germ-matter  is  of  itself  capable  of  producing  all  variations  that 
are  useful  to  an  organism.  Oidy  that  which  exists  in  the  original  jdasm  or  in 
the  sexual  elements  as  emljryonic  rudiments  can  be  transmitted  to  offsjn’ing 
and  become  further  acted  upon  and  developed  by  natural  selection,  according 
to  AAT'ismann’s  theory.  The  continuity,  that  is  to  say,  the  perpetual  trans- 
mission of  a j)ortion  of  the  germ-plasm  from  parents  to  offspring,  forms  a 
necessary  postulate  to  the  theorv  of  descent.  In  opposition  to  AVeismann, 
who  attributes  only  a subordinate  influence  to  the  action  of  physical  environ- 
ment as  a cause  of  variations,  and  who  particularly  denies  the  inheritance  of 
acquired  characters,  stands  the  Xeo-Lamarckian  school  (represented  by  Herbert 
Spencer,  Cope,  Hyatt,  Osborn,  Semper,  Claus,  lioux,  and  others),  which  ranges 
itself  more  and  more  on  the  side  of  Lamarckian  ideas,  and  ascribes  to  the  use 
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and  disuse  of  organs,  and  to  external  conditions,  a veiy  consideralde  influence 
in  effecting  the  transmutation  of  organic  forms.  "While,  on  the  one  hand. 
Semper,  Locard,  and  Clessin  undertake  to  ju'ove  the  direct  action  of  environ- 
ment on  mollusks  in  a number  of  instances,  and  Schmankewitz  confidently 
asserts  that  the  transformations  in  Artemia  are  induced  by  changes  in  the 
saltness  of  the  rvater;  on  the  other  hand.  Cope,  Osborn,  Eoux,  and  others, 
emphasise  the  effect  of  use  and  disuse,  and  abundance  or  scantiness  of  food- 
supply.  Adequate  nourishment  and  exercise  increase  the  development  of  a 
given  organ,  while  physical  conditions  determine  its  form.  Since  like  causes 
produce  like  efl’ects  in  the  animate  as  well  as  in  the  inanimate  world,  it  is 
obvious  that  similar  organs  must  be  developed  in  a variety  of  j)lant  and  animal 
forms  wherever  they  are  subjected  to  similar  external  conditions,  and  especially 
to  the  same  physical  agencies.  A convenient  explanation  is  thus  found  for  the 
phenomena  of  parallelism,  or  recurring  “ common  types  of  structure,”  which  are 
in  nowise  related  to  one  another  bv  inheritance.  The  analogous  SAvimmino;- 
organs  of  fishes,  ichthyosaurians,  and  rvhales,  or  the  analogous  limb-structure 
in  long-legged  ruminants,  the  horse,  elephant,  and  carnivora,  are  due  to 
adaptation  to  external  conditions  and  to  use;  the  same  explanation  also 
accounts  for  the  like  form  of  sternum  in  bats,  birds,  and  Pferosauria,  or  for  the 
spindle-shaped  body  characteristic  of  most  rapid-SAvimming  fishes,  reptiles,  and 
aquatic  mammals,  or  for  the  similar  form  of  jaAv  possessed  b}'  marsupials  and 
A'arious  orders  of  Placentalia.  These  are  all  instances  of  parallelism,  in  Avhich 
it  often  happens  that  tAvo  fundamentally  difl’erent  forms  acquire  the  same 
outward  shape,  or  become  provided  Avith  similar  or  analogous  organs.  Kineto- 
genesis,  or  the  process  of  a gradual  transformation  of  parts,  especially  parts 
belonging  to  the  internal  skeleton,  skull,  and  limbs,  is  A'ery  ingeniously 
interpreted  by  Co^ac  as  having  been  accomplished  in  mammals  through  the 
agency  of  mechanical  conditions,  use,  and  food.  The  same  author  has  also 
traced  out  the  different  stages  of  development  in  fossil  genera  as  exemplified 
by  numerous  series  of  intermediate  forms. 

Life -Period  and  Extinction  of  Species.  — Observation  sIioavs  that 
different  organisms  are  by  no  means  equally  susceptible  to  impulses  receiA^ed 
from  the  outer  Avorld.  Many  fossil  genera  remain  almost  Avholly  unchanged 
throughout  a number  of  formations  {Foraininifera,  Cidaris,  Xautilus,  Lingula, 
Terebratula,  Insedivora),  and  hence  may  be  designated  as  persistent  or  conservative 
types,  in  contradistinction  to  variable  types.  The  latter  pass  throAigh  rapid  changes 
at  the  beginning  of  their  career,  develop  a great  A’ariety  of  forms,  and  send  out 
branches  and  off-shoots  in  all  directions  up  to  a certain  point ; they  may  then 
die  out  after  a comparatWely  short  period  of  ascendency  (Xummulites,  Graptolites, 
Cystids,  Blastoids,  Tetracoralla,  Palechinoidea,  Trilohitae,  Budistae,  Ichthyosaaria, 
Pterosauria,  IHnosauria,  Amblypoda,  Toxodontia,  etc.),  or  in  some  cases  may  even 
continue  on  to  the  present  day  Avith  undiminished  vitality  {Spatangidae, 
Clypeastridae,  many  land  and  fresh-AA’ater  mollusks,  crabs,  lizards,  snakes, 
ruminants,  apes).  Not  infrecpiently  types  that  Avere  primitWely  A'ariable  pass 
over  gradually  into  persistent ; their  poAver  of  adaptation  dAvindles,  they  groAv 
less  plastic,  become  incapable  of  sending  off  neAv  A'arieties,  species,  or  genera, 
and  as  the  less  vigorous  of  their  number  become  Avorsted  one  after  another,  they 
finally  stand  out  like  curious,  isolated  relics  of  antiquity  {Pentacrinus,  Hatteria, 
Tapirus,  Equus,  etc.)  in  the  midst  of  subsequently  remodelled  surroundings. 
A one-sided  development  in  a certain  direction,  excessive  size,  abnormal 
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{lujpertrophic)  })eculiarities,  or  too  high  specialisation  of  organs,  is  as  a rule 
injurious  to  the  form  and  leads  usually  to  its  extermination.  Many  groups 
remarkable  for  their  extreme  ditferentiation  {Dinosauria,  Pterosauria,  Amblypioda, 
Tuxodontia,  etc.)  have  become  extinct  probably  for  this  reason,  since,  having 
advanced  so  far  in  a single  limited  direction,  adaptation  in  other  directions  was 
no  longer  possible. 

Persistent  types  seldom  produce  a large  number  of  species  during  a single 
geological  period;  types  that  start  up  suddenly  and  ju’oceed  to  vary  I’ajndlv 
as  a rule  soon  die  out ; while  groups  that  develop  slowly  and  steadily  usually 
contain  in  their  growth  the  promise  of  great  longevity. 

For  the  extinction  of  many  j)lants  {SigiUaria,  Lepidodendron,  Filices)  and 
animals  (Blastoids,  Tctmcorulhi,  2'rilohites,  Ammonites,  L’udisfae,  Ichthyosauria,  etc.) 
of  former  periods  no  adequate  exjdanation  has  as  yet  been  found.  Changes 
in  external  conditions,  especially  such  as  regards  the  distribution  of  land  and 
water,  climatal  conditions,  saltness  of  the  water,  volcanic  eruj)tions,  paucity  of 
food-supplv,  and  the  encroachments  of  natural  enemies,  may  have  led  in  many 
instances  to  the  extinction  of  certain  forms,  but  such  conjectures  signally  fail 
to  account  for  the  disappearance  of  an  entire  species  or  particular  group  of 
organisms.  Oftentimes  extinction  seems  to  have  been  caused  merely  by 
superannuation.  Long-lived  forms  belong  for  the  most  part  to  ])crsistent 
types  whose  range  of  species  is  limited.  Their  re})roductive  functions  have 
declined,  and  like  an  individual  in  its  dotage,  they  evince  all  the  symptoms  of 
decrepitude  and  old  age.  Darwin  attrilmtes  the  extinction  of  less  well-adaj)ted 
organisms  to  the  struggle  for  existence  ; but  since,  according  to  the  theory  of 
natural  selection,  new  species  arise  oidy  with  extreme  slowness  by  means  of 
the  gradual  accumulation  of  useful  variations,  and  since  in  like  manner  their 
less  successful  competitors  are  only  very  gradually  crowded  out,  we  should 
exi)cct  to  find  in  the  rocks,  supi>osing  that  the  j)alaeontological  record  were  in 
any  degree  perfect,  all  manner  of  extinct  intermediate  forms,  and  we  should  be 
able,  at  least  for  those  groups  especially  liable  to  conservation,  to  build  iij) 
complete  ancestral  trees.  But  as  observation  shows,  not  only  do  most  plants 
and  animals  now  living  in  a wild  state  adhere  to  their  peculiar  characteristics 
with  great  tenacity,  exhibiting  barely  appreciable  changes  even  in  the  course 
of  hundreds  or  thousands  of  years,  but,  furthermore,  fossil  species  remain 
within  the  limits  of  a single  geological  period  fairly  constant.  AVith  the 
beginning  of  a new  e[)och  or  period,  however,  which  is  usually  indicated  in 
the  rocks  by  jjctrograjdiical  changes,  a greater  or  lesser  number  of  sj)ecies 
cither  entirely  disapj^ears,  or  is  replaced  by  closely  related,  but  at  the  same 
time  more  or  less  different  forms.  Obviously,  therefore,  there  have  been 
periods  when  the  process  of  transformation  and  the  weeding  out  of  organisms 
were  greatly  accelerated,  and  following  upon  these  reconstructive  periods  long 
intervals  of  repose  have  ensued,  during  which  intervals  species  have  adhered 
to  their  characteristic  forms  with  but  little  variation.  The  fact  that  evolution 
has  advanced  by  occasional  Imunds  or  leaps  stands,  howevei’,  in  nowise  contra- 
dictory to  the  theory  of  descent. 

The  whole  animate  community  at  anj’  point  on  the  earth’s  surface  rests 
normally  in  a state  of  equilibrium,  the  balance  being  maintained  by  the  con- 
certed action  of  all  ranks  and  members  of  society.  For  the  j’l’eservation  of 
this  balance  nature  ])iactises  a most  rigid  domestic  economy.  Every  plant 
depends  upon  particular  conditions  of  soil,  food,  tem})erature,  moisture,  and 
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other  requisites  for  its  support;  and  these  conditions  govern  its  distribution 
and  increase  in  the  last  degree.  Every  plant  controls  the  destiny  of  all 
animals  subsisting  upon  it ; their  numbers  multiply  Avith  its  increase,  and 
wane  Avith  its  decrease.  The  fate  of  these  creatures  determines  that  of  their 
natural  enemies,  Avho  stand  in  similar  relationships  to  still  remoter  circles ; 
and  hence  no  form  can  overstride  the  bounds  set  for  it  by  the  general  balance 
Avithout  disturbing  the  Avhole  general  system  of  economy.  Let  the  flora  or  fauna 
of  a given  region  become  altered  by  the  extinction  of  a number  of  species,  or 
by  the  introduction  of  iicav  and  more  poAverful  competitors,  the  balance  is 
immediately  upset.  In  the  first  instance  A'acant  places  must  be  filled  iqi,  and 
in  the  second,  room  must  be  made  for  the  neAvconiers  at  the  expense  of  the 
settled  community.  Thus,  Avherever  climatal,  orographic,  or  other  changes 
are  instrumental  in  bringing  about  the  extermination  of  large  numbers  of 
plants  and  animals  during  the  lapse  of  a geological  period,  an  inequililirium 
must  necessarily  result.  But  thereupon  the  struggle  for  existence  is  Avaged 
Avith  unAvonted  severity  among  the  survivors,  until  finally  a ncAv  state  of 
equilibrium  is  attained,  and  a pause  in  the  formation  of  neAv  s})ecies  ensues. 

The  Avhole  course  of  evolution  in  the  organic  Avorld  during  past  geological 
periods  indicates  not  only  definite  progression  in  all  Isranches  of  the  animal 
and  vegetable  kingdoms  up  to  their  present  state,  but  also  an  advance  toward 
perfection.  Granting  that  the  theory  of  descent  is  true,  and  that  all  organisms 
have  developed  from  a single  primitive  cell,  or  from  a feAV  jn-iniitive  ground- 
types,  then  every  neAv  groAvth  and  differentiation  must  stand  for  improvement 
and  progress,  leading  gradually  to  the  development  of  more  or  less  highly 
specialised  organs,  and  to  a division  of  labour  in  their  physiological  functions  ; 
the  higher  the  degree  in  Avhich  this  is  manifested,  and  the  more  conformal)ly 
to  a})parent  purpose  and  utility  that  each  organ  fulfils  its  functions,  the  more 
perfect  is  the  organism,  as  Ave  conventionally  term  it.  Evolution  in  the 
organic  Avorld  has  not  advanced  in  a simple,  straight f or AA’ard  direction,  but  in 
an  exceedingly  complicated  and  circuitous.  The  biological  systems,  accord- 
ingly, do  not  suggest  to  us  the  similitude  of  a ladder  Avith  its  numerous 
rounds,  but  rather  that  of  an  enormously  ramifying  tree,  Avhose  to])most 
tAvigs  represent  the  youngest,  and,  on  the  Avhole,  the  most  perfect  forms  of 
every  branch.  The  root,  trunk,  and  a goodly  portion  of  the  upper  limbs  lie 
buried  in  the  earth ; and  only  the  ultimate  green  shoots,  the  last  and  most 
highly  differentiated  members  of  long  ancestral  lines,  blossom  forth  in  the 
Avorld  of  to-day. 

1 [111  connection  with  the  two  preceding  topics,  see  a paper  by  the  author,  read  before  the  Inter- 
national Congress  of  Geologists,  1894,  on  " Palaeontology  and  the  Biogenetic  Law”  (reprinted  in 
Natural  Science,  vol.  VI.,  May  1895). 

On  the  terminology  of  evolution  in  general,  see  ^1.  ITi/att,  “ Bioplastology  and  the  Related 
Branches  of  Biologic  Research”  (Proc.  Bost.  Soc.  Nat.  Hist.  vol.  XXA"I.,  1893).  Abstract  of  same 
in  Zoolog.  Anzeiger,  No.  405,  1892.  Other  terms  employed  in  the  foregoing  are  introduced  and 
explained  by  Cope  in  his  “Origin  of  the  Fittest,”  1887,  and  in  A’arious  articles  in  the  American 
Naturalist. — Traxs.] 
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OcTLIXE  ClASSIEICATIOX  OF  THE  AxIMAL  KiXGDOM. 


Sub-Kingfloms. 


iSub-Braiiclies. 


I.  PROTOZOA  . 


II.  COELENTERATA 


I.  Porifera  . 
II.  Cnidaria  . 


III.  ECHINODERMATA  J 


I.  Pelmatozoa 


II.  Asterozoa 


III.  Echinozoa 


lY.  VERMES 


Y.  MOLLUSCOIDEA 


YI.  MOLLUSCA 


YIL  ARTHROPODA 


I.  Branchiata 


1 1.  Tracheata 


YIII.  VERTEBRATA 


Cla.sses. 


Rhir.opodn. 

l2. 

Flagellata.^ 

1 8. 

Infusoria.^ 

1 4. 

Grerjaiiiia.^ 

1. 

Spoiujiae. 

fl- 

Anthozoa. 

12. 

Hydrozoa. 

Crinoidea. 

J 9 

Cystoidca. 

1.3. 

Blustoidea. 

fl- 

Ophiuroidea. 

12. 

AsttrouUa. 

fl- 

Echinoidea. 

12. 

dfolothurioidea. 

'1. 

PlatyhelmintlusA 

2. 

N tmath'hninthes. 

- 3. 

Gcjthyren. 

4. 

Rotiferad 

Is. 

Annelidcj/ 

fl- 

B>nyozoa. 

\2. 

Brachiopoda. 

A. 

Lamellibranchiata. 

2. 

Rcaplwpoda. 

- 3. 

Amphineura. 

4. 

Gastropoda. 

U- 

Ci'pkalopoda. 

1. 

Crustacea. 

Myriopoda. 

J 9 
1 

A rachnoidea. 

i.3. 

Insccta. 

1. 

Pisces. 

2. 

A rnpjhihia. 

3. 

Reptilia. 

4. 

Arcs. 

Mumraedia. 

^ Uukiiowu  iu  the  fo.ssil  .state. 


Sub-Kingdom  I.  PROTOZOA 


Protozoa  are  unicellular  organisms,  with  bodies  consisting  of  sarcode  (proto- 
plasm), usually  very  minute,  frequently  microscopic  in  size,  and  without 
differentiated  tissues  or  organs.  They  are  water-inhabitants,  take  in  nourishing 
matter  either  at  any  point  on  the  periphery  of  the  l)ody  Avhatsoever,  or 
through  a so-called  month  {ajtostoim),  and  reject  the  undigested  portions  either 
from  any  part  of  the  body  whatsoever,  or  from  a definite  point  called  the  anal 
aperture  {cytopyge).  The  contractile  sarcode  almost  invariably  contains  one  or 
more  nuclei,  and  exhibits  considerable  diversity  of  structure  and  differentiatiom 
Locomotion  is  accomplished  by  means  of  vibratile  cilia,  Hagella,  j)seudopodia, 
or  irregular  processes  of  the  periphery.  Peproduction  takes  place  by  means  of 
budding  or  self-division,  which  latter  i)rocess  is  often  preceded  by  a temporary 
coalescence  {conjugation)  of  two  individuals.  Protozoa  are  divided  into  four 
classes  ; Rhizopoda,  Flagellata,  Infusoria,  and  Gregarina  (Sporozoa),  of  which  only 
the  first  class  is  represented  in  the  fossil  state. 


Class  1.  RHIZOPODA. 

Body-substance  composed  of  richly  granulated,  jelly-like  sarcode,  ivhich  alternately 
protrudes,  retracts,  and  again  coalesces  with  irregular,  finger-like,  or  thread-like 
processes  called  pseudopodia. 

Rhizopods  have  been  so  named  on  account  of  the  projjerty  they  possess  of 
protruding  pseudopodia  from  the  periphery  of  the  body.  Although  serving  as 
a means  of  locomotion  and  for  the  taking  up  of  nutritive  matter,  the  pseudo- 
podia represent  no  permanent  organs,  since  they  are  protruded  only  for  the 
passing  occasion,  and  disappear  again  as  they  coalesce  with  the  main  body  of 
sarcode.  The  psendopodia  often  exhibit  protoplasmic  streaming,  and  occa- 
sionally interlace  so  as  to  form  networks.  Rhizopods  usually  secrete  calcareous, 
silicious,  or  chitinous  tests,  or  build  silicious  skeletons  of  exceeding  great 
diversity  of  form.  Enormous  deposits  are  built  up  by  their  accumulation 
on  the  sea-floor,  and  numerous  strata  of  marine  origin  are  largely  composed 
of  their  remains. 

Four  orders  of  Rhizopods  are  recognised:  Forarniiiifera,  Eadinlariu,  AinoeUnaf 
and  Heliozoa  ; of  these  only  the  first  two  have  parts  capable  of  preservation. 

^ Biitschli,  0.,  Protozoeii  in  Broim’s  Classen  uud  Ordnungeu  des  Tliierreiolis,  1880-1889. 

- To  tlie  Anwehina,  Huxley  and  Haeckel  formerly  assigned  the  so-called  Batiujhius,  a reticu- 
lated jelly-like  substance  composed  of  anastomosing  strands,  and  occurring  at  great  depths  in  the 
Atlantic  Ocean.  Wyville  Thomson  and  Moebius  regarded  it  as  a precipitate  of  calcium  sulphate, 
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CLASS  I 


Order  1.  FORAMINIPERA.  d’Orbigny.' 

{Pohlthiiluiiiia,  Breyn  ; Thulamophoat,  Hertwig.) 

Ithi'.opoda  uifk  slender,  thread-like,  or  hand-like,  frerpientli/  unastuhiasiiaj  psenda- 
podiu,  and  asnallij  icith  a calcureoas,  more  rare!//  with  an  urenaceans  or  rhitinons  test. 

The  scarcely  diU'erentiated,  richly  granulated  sarcode  body  of  the 
Foramiiiifera  usually  contains  a contractile  vacuole,  and  is  enclosed  l>y  a shell 
or  test  ■\vhicli  is  almost  invariably  calcareous  in  composition,  although  in  some 
cases  it  may  be  of  a silicious  or  even  chitinous  nature,  and  which,  as  a rule,  is 
divided  into  chambers  by  interior  partitions  or  septa.  The  sarcode  com- 
municates with  the  exterior  either  by  means  of  a single  large  aperture  (oral 
or  general  aperture)  situated  at  one  e.xtremity  of  the  test,  or  by  means  of 
innumerable  fine  pores  (foramina)  which  perforate  the  shell.  Through  these 
openings  the  sarcode  emits  usually  long,  filiform,  net-like  anastomosing 
pseudopodia,  in  which  often  active  granular  currents  are  discernil)le. 

Only  a few  forms  secreting  chitinous  tests  (Groiniu)  are  fresh-water  inhabit- 
ants; the  rest  are  marine  in  habit.  Foramiiiifera  are  usually  so  small  in  size 
that,  although  perceiitible  to  the  naked  eye,  they  can  barely  be  discriminated 
as  separate  individuals.  Certain  exceptionally  large  forms  (AV//mu//i7cs)  attain 
a diameter  of  four  or  five  centimetres. 


IOg.  1, 


Fig.s.  1—ii. 

-aoccolilhs  (CiicthoUllis)  from  tlie  AUuiitic  I icean  ; 


uj'liurside 

mill  ill  piolilu  (alt 111'  Haeckel). 

Fill.  1,  c. — Vorroliths  (Dixcolilli.r)  from  the  Adriatic  Sea;  upiier  side  and 
in  iiridile  (after  ().  Schmidt). 

Fid.  — CVco.ijp/icm'  from  the  Atlantic  Ocean  (after  Haeckel). 

Fid.  3. — Jlhdhilnlith.i  from  the  Adriatic  Sea  (after  ().  Schmidt).  All 
lia'ure.s  iiiaLmilied  700  diameters. 


iiiterniiiigled  with  ilecoiiiiiosed  organic  matter.  In  dee]i-sea  ooze,  which  comsists  chielly  of  lime 
carbonate,  as  well  as  in  Biah i/lni's,  great  iinantities  of  minute  calcareous  bodies  of  various  shapes 
are  found,  such  as  also  occur  as  an  essential  constituent  of  chalk,  marls,  and  most  marine  lime- 
stones belonging  to  older  geological  iicriods  (cf.  ('.  IF.  (/umbel,  Neiies  .Jahrbuch  fiir  Mineralogie, 

1870,  |i.  7.03).  Khrenherg 

termed  tliese  bodies  murphu- 
Uten,  and  regarded  them  as 
inorganic  in  nature.  Hu.vley 
(.lournal  Microscoji.  Science, 
1808,  111.  No.  0)  and  Haeckel 

(.Jenaische  Zeitschrift,  1870, 
\^  3,  p.  18)  regarded  them  at 
first  as  portions  of  Bathyhms, 
and  designated  them  cocculith!< 
(Fig.  1).  The  simple,  disk- 
like varieties,  convex  on  the 
upper  side  and  concave  on  the 
lower,  were  termed  (Ihcoliths 
(Fig.  1,  n,  h) ; while  those  coin- 
|iosed  of  two  closely  ajiplied  disks  of  different  sizes,  resembling  cuff-buttons  in  profile,  were  referred 
to  as  cipaholilha  [¥v’.  1,  c).  Coccoliths  are  only  visible  under  powers  of  800 — 1000  diameters,  and 
e.xhibit,  as  a rule,  a number  of  zones  differing  in  their  refractive  indices,  which  are  di.sposed  about  a 
single,  double,  or  star-shaped  central  granule.  Frequently  large  numbers  of  coccoliths  become 
aggregated  together  in  the  form  of  freely  suspended  sjiherules  or  coccospheres  (Fig.  2).  Besides 
coccoliths,  other  minute,  rod-shaiied,  calcareous  bodies  are  sometimes  met  with,  which  are  charac- 
terised by  a discoidal  or  cruciform  enlargement  at  one  end.  These  .are  called  rluMnlilha  (Fig.  3), 
and  their  nodular  aggregations  rluihdosjihereti.  Wyville  Thomson,  Carter,  and  Murray  would 
identify  coccosjiheres  as  unicellular  algae,  or  as  sporangia  of  algae, while  Haeckel  creates  for  them 
a special  grou]i,  Culcocytric,”  and  assigns  them  iirovisionally  to  the  Protophytes.  According 
to  H.arting,  however,  tlie  action  of  ammonia  generated  by  the  decomposition  of  albuminous  matter 
held  in  solution  in  lime  sulphate  or  lime  chloride,  causes  the  separation  out  of  minute  calcareous 
di.sks  which  bear  a striking  resemblance  to  coccoliths.  Hence  it  would  appear  that  the  formation 
of  excessively  line  divided  particles  of  lime  in  the  sea  should  take  place  wherever  there  are  decom- 
posing albuminous,  or  nitrogenous  substances  pre.sent,  and  the  calcium  sulphate  held  in  solution  in 
the  water  becomes  precijiitated  as  calcium  carbonate. 

’ Literature  : 

il'Orhiyny,  Ahide,  Foramiuiferes  fossiles  du  Bassiu  tertiaire  de  Vienne,  1846. 
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The  test  may  be  either  unilocular,  enclosing  a single  cavity  (Moaothalamia), 
or  it  may  be  divided  by  septa  into  a greater  or  lesser  numlier  of  chamliers 
(Pob/fhalamia).  Multilocular  tests  all  grow  from  a single  primordial  chamber, 
Avhich  is  either  spheroidal  or  elliptical  in  contour,  and  augment  rapidly  by 
means  of  the  successive  apposition  of  new  chamliers,  each  a little  larger  than 
the  first,  and  each  being  applied  in  turn  against  the  general  pseudopodial 
aperture  of  the  preceding.  All  the  chambers  communicate  with  each  other  Ijy 
means  of  ])ores  through  which  the  sarcode  is  protruded.  According  as  the 
chambers  are  applied  against  one  another  in  a linear  series  (Stichostega),  in  a 
spiral  (Helicostega),  in  concentric  rings  (Cgclostega),  in  doulde  or  tri2:)le  alterna- 
tions of  either  straight  {EnaUodega)  or  spiral  rows  (E ntomosfega),  or  envelop 
one  another  in  irregular  coils  disposed  in  from  two  to  five  difl'erent  planes 
(Agathistega),  a great  variety  of  forms  may  be  produced.  These  differences 
in  external  form,  together  with  peculiarities  in  the  mode  of  growth,  were 
employed  by  Alcide  d’Orbigny  as  a basis  for  the  first  detailed  system  of 
classification  of  the  Foraminifera  that  has  been  devised.  For  specific  diag- 
noses, the  relative  size  and  shape  of  the  shell,  and  varieties  of  ornamentation, 
such  as  bands,  lips,  protuberances,  points,  spines,  and  the  like,  are  of  greatest 
significance. 

In  certain  Foraminifera  which  secrete  calcareous  shells  (Nummidiiiiilae, 
Miliolidae,  Lagenidae,  Orlndina)  a peculiar  dimoiyhism  has  been  obsei'ved,  in  that 
while  some  individuals  have  an  extremely 
large  primordial  chamber  {megasphere), 
others,  although  differing  in  nowise  in 
external  form  and  ornamentation,  are 
characterised  by  an  extremely  minute 
primordial  chamber  {microsj^here,  Fig.  4). 

Those  individuals  which  possess  mega- 
spheres are  almost  invariably  much 
inferior  in  size  to  those  having  micro- 
spheres. De  la  Harpe  refers  this  pheno- 
menon to  sexual  differences;  Munier-  ^ith 
Chalmas  and  Schlumberger  claim,  on 

the  other  hand,  that  during  the  growth  of  those  forms  characterised  by 
microspheres,  the  megaspheres,  which  are  in  all  cases  originally  present, 
become  absorbed  and  are  replaced  by  an  increased  number  of  smaller 
chambers.  Van  den  Broeck  argues  against  these  hypotheses,  and  attempts 
to  explain  dimorphism  as  the  result  of  different  modes  of  reproduction  (fission 
and  budding). 

The  finer  structure  of  the  shell  or  test,  which  has  Ijeen  thoroughly 
investigated  by  Carpenter  and  Williamson,  is  of  great  importance  in  the 
classification  of  the  Foraminifera. 

Chitinous  tests  are  as  a rule  single- chambered  {monofhalawous),  imj)er- 
forate,  and  are  provided  with  a single  large-sized  oral  aperture.  Silicious 


Fig  4. 

Bilocxdina  Jiroxliji,  Schlumb.  Recent;  Ray  of 


Ehrenhenj,  C.  O.,  Mikrogeologie,  1854.  and  Abhandluiigen  der  Berliner  Akademie,  1839. 

Schidtze,  Max,  Ueber  den  Organisnuis  der  Polytlialamien,  Leipzic,  1854. 

Carpenter,  IP.  74.,  Introduction  to  tlie  Study  of  tlie  Foraminifera,  Ray  Society,  18C'2. 

Reuse,  E.  A.,  Numerous  Reports  in  Sitzuugsbericlite  der  Wiener  Akademie,  from  1860  onwards. 
Schu'ager,  Conrad,  Saggio  di  una  Classificazione  dei  Foramiiiiferi,  Boilet.  Comitato  Geol.,  1876. 
Bradi/,  IF.  71.,  Monograpli  of  Carboniferous  and  Permian  Foraminilera,  Palaeontograpli.  Soc.,  1876. 
Brady,  IP  71.,  Report  on  the  Foraminifera,  Scientific  Results  Cliallenger  Exped.,  Zoology,  XL,  1884. 
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tests  consist  of  minute  grains  of  sand,  often  intermingled  with  particles  of 
lime  and  other  foreign  matter,  the  particles  being  held  together  by  a silicions 
or  argillaceous  cement.  The  tests  are  unilocular  or  multilocular,  occasionally 
attain  considerable  size,  and  are  either  imperforate  (Fig.  5,  A),  or,  in  addition 
to  the  either  simple  or  sieve-like  jn-inci])al  a])ertures,  are  jmnctured  by 


Fio.  5. 


A,  Section  tliron^^li  an  imperforate  arenaceous 
test,  lii.u'lily inaj;njlied  {llnploithrndininm  irreiiuhi re, 
Uoem.)  Section  tlirou;;h  a jferforate  arenaceous 
test  sliowing  coarse  tubuli,  highly  niagnihe^l  {IHe- 
auiiuhi  (lihbosuin,  «rOrb.) 


.1 


Fk;.  7. 


-'1,  Section  of  vitreous  perforate  test  with  fine 
tubuli  (Xodosaria  rapa,  d’Orb.)  J},  Portion  of 
jteriphery,  ami  section  of  a vi(rcf)us  ijerforate  test 
with  coarse  tubules  less  closely  set  together 
(Gluhigcrina  cmighianrata,  Schwager). 


tubules,  through  which  the  pseudopodia  are  emitted  (Fig.  5,  B).  Calcareous 
tests  are  also  sometimes  (Miliohdae,  Texhdavidae)  encrusted  with  agglutinated, 
com])actly  cemented  sandy  j)articles,  and  hence  consist  of  an  interior  calcare- 
ous, ;ind  an  exterior  sandy-silicif)us  laj’er  (Fig.  G).  The  greater  number  of 


Foraminifera,  however,  secrete  tests  composed  of  carbonate  of  lime,  which 
may  l)c  either  j)orcellaneous  and  imperforate,  or  vitreous  and  perforate  in 
structure.  In  the  first  class  {Iniperforafa)  the  shell  is  homogeneous,  and 
apj)ears  in  reflected  light  as  an  opaque  mass  (Fig.  4);  in  the  second  {Perforata) 
it  is  lustrous,  transparent,  and  perforated  by  numerous  fine  tubules  which 
pass  through  the  walls  radially.  These  tubules,  which  are  visible  on  the  peri- 
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phery  as  fine  pores  (foramina),  are  either  all  equal  in  diameter,  lieing  extremely 
small  and  closely  set  together  (Fig.  7,  A),  or  are  larger  in  calibre  and  more 
widely  separated  from  one  another  (Fig.  7,  B).  Certain  vitreous,  perforate 
Foraminifera  are  still  further  provided  with  coarser,  anastomosing  canals, 
which  are  restricted  to  definite  parts  of  the  shell,  such  as  the  sejita,  or  the 
median  plane  of  the 
spiral,  in  forms  which 
are  symmetrically  con- 
A'oluted.  In  the  living 
state,  these  larger  canals 
are  occupied  by  bands  or 
stolons  of  sarcode,  but 
there  is  no  connection 
betAveen  them  and  the 
other  foramina  or  radial 
tidiules.  In  many  forms 
exhibiting  more  com- 
plicated structure,  cal- 
careous deposits  are  ob- 
served, Avhich  are  dis- 
tributed partly  over  the 
periphery,  and  partly  in 
cavities  and  depressions 
Avithin  the  shell  itself. 

This  is  the  so-called  in- 
termediafe  or  supplemental 
skeleton,  AA'hich  often 
gives  rise  to  pecidiar 
excrescences  on  the  peri- 
phery (Fig.  9),  and  in 
some  cases  is  also  pierced 
by  tubules. 

Reproduction  in  the 
Foraminifera  takes  place 
either  by  means  of  fission, 
or  by  means  of  small 
nuclei  Avhich  originate 
Avithin  the  ])arent-indi- 
vidual,  invest  themselves 
Avith  unilocular  or  multi- 
locular  tests,  and  forthAvith  abandon  the  parent  shell,  Avhereupon  the  latter 
falls  to  pieces. 

The  vast  majority  of  Foraminifera  are  marine  in  habit.  They  occur  in 
shalloAv  AAuiter  bordering  the  coasts,  sometimes  attached  to  algae,  sometimes 
creeping  on  the  bottom.  A feAV  genera  are  extraordinarily  abundant  in  the 
open  sea,  occurring  at  different  depths  as  free-SAvimming  forms,  and  also  on  the 
floor  of  the  ocean.  Enormous  quantities  of  their  remains  are  spread  over  large 
tracts  of  the  sea-bottom,  and  doAvn  to  a depth  of  2300  fathoms  they  remain  an 
essential  constituent  of  the  chalk-like  deep-sea  ooze.  This  is  a finely  divided 
agglomeration  of  decomposed  calcareous  substances,  such  as  the  shells  of 


Fig.  10. 

Deep-sea  ooze  niagnitied  700  diameters,  a,  Bathyhius  ^vith  Coccolitlis  ; 
hy  Individual  Discoliths  and  Cyatliolitlis  ; c,  Coccospheres  ; <7,  GlohUjerina  ; 
e,  Glohigerina  witli  bursted  test;  /,  TcxUdaria:  fjy  g',  Badlolu.ria ; h,  i, 
Diatoms  ; Jc,  7,  Sjponge  spicules  ; m,  Mineral  fragment. 
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raollusks,  corals,  Inyozoans,  coccoliths,  radiolarians,  diatoms,  spoiiyes,  and 
Foraminifera.  Of  the  latter,  certain  genera  are  remarkable  for  their  extra- 
ordinary abundance  {Glohif/erina,  Orhnlinu,  FnlvinnUna,  Bilorulina),  (Fig.  10). 

In  the  Atlantic  and  Pacific  Oceans  GlobUieriiia  ooze  is  the  prevailing  (leej)- 
sea  deposit;  in  the  North  Sea,  along  the  coast  of  Norway,  Biloatliiiu  ooze. 
Numerous  limestones  aiid  marls  of  older  geological  periods  exhibit  great 
similarity  in  structure  and  chemical  comi)osition  to  the  now  foi-ming  deep-sea 
oozes.  White  chalk  (Fig.  11)  is  clearly  a variety  of  abyssmal  ooze,  from  which 
silicious  constituents  have  become  segregated  out,  and  in  which  Textularia 
predominate  instead  of  GUihiqerina.  Certain  of  the  Eocene  limestones  of  the 


Kic.  II. 


Specimen  of  prepared  wlute  rlialk  from  >reiidon,  as  seen  in 
transmittiMl  nmlfr  power  of  3C0  diameters,  showing  TcxUdnria, 
CtlohUjKrina,  and  Itotolio. 


Fig. 12 

Tlun  slice  of  Flanerkalk  from  Bolicmia 
vieweil  in  transmitted  light  under  jjower 
of  50  diameters,  showing  sections  of 
Xodosaria,  ItotaUn^  Frondiculario,  and 
numerous  isolated  (Jlobigerinn  chambers. 


Paris  basin  are  composed  almost  exclusively  of  the  tests  of  Miliolidae,  while 
others  are  made  uj)  of  Blreolinae,  and  B luiunulites.  During  the  Carboniferous 
jieriod  the  chief  role  as  rock-building  organisms  was  played  by  Fiisilina. 
Many  dense^  apparently  homogeneous,  or  even  semi-crystalline  limestones  of 
various  ages,  when  examined  microscopically  in  thin  sections,  are  seen  to  be 
composed  in  large  jiart  of  Foraminifera  and  other  organic  bodies  (Fig.  12). 

hossil  h oraminifera  are  best  preserved,  lieing  usually  detachable  from  the 
matrix,  and  at  the  same  time  occur  most  abundantly,  in  unconsolidated  marls  and 
clays  which  are  interbedded  with  calcareous  strata,  or  in  limestones  of  a chalky 
or  earthy  character. 

The  tests  of  Foraminifera  were  first  discovered  by  Janus  Plancus,  in  1730, 
on  the  beach  of  Pimini,  and  in  the  following  year  they  were  found  by  Beccari 
in  the  Pliocene  of  Bologna.  They  were  long  considered  to  be  shells  of 
mollusks,  and  were  described  by  Breyn,  Soldani,  Fichtel,  d’Orbigny,  and 
others  as  Cephalopoda  foramiiiifera,  in  distinction  from  Cephalopoda  siphuniferu. 
Dujardin,  in  1835,  Avas  the  first  to  recognise  their  true  character  as  belonging 
to  the  Rhizopoda. 
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Foraminifera  are  divided  into  the  fonr  following  snh-orders; — Chitinosa, 
Agglntinantiu,  Porcellanea,  and  JAfro-Ckdcarea. 

[Sub-order  A.  CHITINOSA.  Schwager. 

Test  chitinous,  imperforate,  sometimes  encrusted  ivifh  agglutinated  particles,  and 
tvith  pseiidopodial  aperture  at  one  or  at  hath  extremities. 

This  group  comprises  the  single  family  Groinidae,  which  is  made  up  chiefly 
of  fresh-water  forms,  and  whose  occurrence  in  a fossil  state  is  unknown. 

Sub-order  B.  AGGLUTINANTIA.  Schwager. 

Test  composed  of  agglutinated  sandy  p>articles  or  other  silicious  foreign  bodies,  icMch- 
are  held  together  by  a compact,  silicious,  or  argillaxeous  cement. 

Family  1.  Astrorhizidae.  Rrady. 

Test  arenaceous,  ivith  rough  exterior,  usmlly  unsymrnetrical,  often  affciining  con- 
siderable size;  the  sandy  particles  are  sometimes  oidy  loosely  cemented  together: 
occasioncdly  brcmching  or  developing  radial  prolongcdions  ; septa  wanting. 

Eecent,  and  very  abundant  at  great  depths.  Fossil  in  Palaeozoic  and 
Jurassic  formations. 

Saccammina,  Sars.  (Fig.  13).  Shell  thick,  with  labyrinthiform  interior; 
spherical,  pear-shaped,  or  fusiform,  with  tubular  prolongations  at  one  or  both 
ends ; sometimes  united  together  in  chains.  Ordovician  (Ayrshire),  Devonian 
(Canada),  Carboniferous,  and  Recent.  Entire  strata  of  Carboniferous  rock 
near  Elfhills,  Northumberland,  are  built  up  by  S.  Carferi,  Brady. 

Large-sized  species  of  Astrorhiza,  Psammosphaera,  Saccamminct,  Ilyperamininu, 
and  Bhcdjdammina  are  described  by  Hiiusler  from  the  Uj)per  Jurassic  (Trans- 
versarius  beds)  of  Switzerland. 

Family  2.  Lituolidae.  Rrady. 

Test  arenaceous  or  composed  of  agglutinated  particles  of  various  kinds  ; more  or  less 
regular  in  contour ; divided  by  septa  into  a number  of  chambers,  or  more  rarely  single- 
chambered;  free-swimrning  or  cdtuched;  sept cd  planes  irregular,  sometimes  labyrinthic. 

Recent  species  occur  mostly  at  consideral)le  depths. 

Thurarnmina,  Brady.  Test  free,  monothalamous,  irregularly  spheroidal, 
usually  with  excrescences  or  spiny  processes.  Upper  Jurassic  and  Eecent. 

Ammodiscus,  Reuss.  Test  free,  monothalamous,  depressed,  spirally  coiled  in 
a single  plane,  with  terminal  pseudopodial  ajrerture.  In  all  formations  from 
Carboniferous  to  Recent. 

Trochammina,  Park.  Jones  (Fig.  10).  Test  thin,  smooth,  consisting  of  com- 
pact, ochre-like  cement  with  embedded  sandy  particles  ; turlhnate,  or  spirally 
wound  like  a snail-shell  (trochoid) ; imperfectly  chambered.  Lias  to  Recent. 

Placopsilina,  d’Orb.  (Fig.  15).  Test  rough,  arenaceous,  attached,  and 
divided  into  pyriform  or  spherical  chambers,  which  are  joined  in  chains  or  are 
irregularly  attached  together.  Lias  to  Recent. 
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Lheophax,  Montf.  (IlapJosfiche,  Keuss),  (Fig.  14).  Test  free,  rod-shaped  or 
slightly  lient ; septa  simple  {Itheophax)  or  labyrinthic  [IlapJostiche)  ■,  pseudo- 
pcjdial  ajierture  at  extremity.  Carboniferoiis  to  Kecent. 

Lituola,  Lam.  {Haphiplirugiiwnn,  Ileuss),  (Fig.  17).  Test  free,  crosier-shaped 


A n 


Fio.  13. 

A,  .'<occ(riiUiiiii(t  C(frtci'i, 
JJrady.  Carbrtiiiferous Lime- 
stone; Elfliills,  Xortlium- 
berland.  i/].  J),  Fractured 
test,  tilled  with  interior 
calcite.  i<'/i  (after  Bnidy). 


jrer.  Upiter 
.Iiirassic  (Im- 
])ressa  clay) ; 
(J  r u i 1)  i II  is.  e n, 
Wurttemher;;. 


sp.  Ujiper  Jur-  T rovhnmmi)w.  }'n'o- 

assic  (Inii»ressa  icus,  Kanvr.  Vienna 
clay);  Keiclieii-  sandstone  (Senoniaii) ; 
hacli,  WurUeni-  J 1 U 1 1 e 1 d o r f,  n e a r 
berg.  Vienna. 


Fk;.  J7. 


Litvnld 

]'h rntjmivhi)  irregu- 
((•re,  Koenier.  Sea- 
jihiten  - Planer  ; 
Krdndorf,  Bohemia. 


or  sjiirally  wound.  General  aperture  simide  or  sieve-like  ; septa  simple  (Ilaplo- 
phrufiminm)  or  labyrinthic  {IaIhoIu).  Carboniferous  to  llecent ; particularly 
abundant  in  durassic  and  Cretaceous. 


Family  3.  Orbitolinidae.  Zittel. 

Test  silicioiis,  imperforate,  howJ-shuped,  and  composed  of  concentric  rings  which 
are  partitioned  ojf  into  numerons  chambers. 

Orhitolina,  Lam.  (Fig  18).  Test  silicious,  with 
agglutinated  sandy  jiarticles ; bowl-shaped  to  depressed 
conical ; up[)er  side  convex,  lower  side  slightly  hollow. 
Periphery  smooth,  or  with  concentric  bands,  imperforate. 

Test  composed  of  multilocular  rings,  the  chambers 
communicating  with  one  another  on  all  sides  by  means  i 
of  ])ores.  The  peripheral  portion  of  each  chamber  is 
divided  up  into  smaller  comiiartments  by  two  secondary  7 

se[)ta  disj)osed  at  right  angles  to  each  other.  A ery  i 

abundant  in  the  Lower  (0.  tenticidaris,  Lam.)  and  Upper  > 
Cretaceous  (0.  concuvu,  Lam.)  ^ 


Sub-order  C.  PORCELLANEA.  Schwager. 

Test  calcareous,  porcellaneous,  imperforate. 

U nder  starved  conditions  {e.g.  in  brackish  Avater)  the  test  may  assume  a 
chitinous  or  arenaceous  character,  or  may  become  encrusted  with  a thin,  homo- 
geneous, silicious  envelojie.  The  majority  of  recent  forms  inhabit  shalloAv  Avater  ; 
onlv  a feAv  occur  at  abyssmal  de2)ths. 


O h 


Fig.  lb. 


Orhifoli nff  coRfDivt,  l.am. 
Cenomanian  ; Unscliplau, 
Bavarian  Alps,  n,  Inferior 
surface  ; h,  Superior  surface  ; 
c,  'rransversf  .section  (mi- 
largetl).  . 
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Family  1.  Nubecularidae.  Brady. 

Test  comparativehj  large-sized,  usualhj  attached,  extremehj  irregular  in  contour, 
with  one  or  with  severed  genered  apertures.  Triassic  to  Recent. 

The  recent  genus  Kuhecularia,  Dfr.,  belonging  to  this  family  occurs  fossil 
in  all  formations  from  the  Triassic  onward,  and  is  particularly  alnuulant  in 
the  Miocene  (Sarmatian  stage)  of  Bessarabia,  Russia. 


Family  2.  Peneroplidae.  Schwager. 

Test  plano-spircd  or  cgcliccd,  UJatercdhj  sgmmetriccd,  muedhj  pohjthcdainous,  more 
rarely  monothedamous.  Triassic  to  Recent. 

Cornuspira,  Schultze  (Fig.  19).  Test  comi)osed  of  numerous  piano-spiral 
convolutions ; oral  aperture  simple,  terminal  ; monothalamous.  Lias  to 
Recent. 

Peneroplis,  Month  (Fig.  20).  Test  discoidal,  complanate,  polythalamous  ; 
direction  of  growth  primarily  s])iral,  gradually  becoming  rectilinear,  while 


gyra,  Eeuss.  Peneroplis  plo.natus,  OrVicidino  iinrnmis  A,  OrhitnWes  complrntiUn,  Lam.  Eofeim 
Oligoceiie : Hun-  Montfort.  Recent;  malis,  eVOrb.  Plio-  (Calcaire  Grassier);  Paris.  IS,  Portion  ol 
gary.  Mediterranean.  cene  ; Sienna,  Italy.  ■ same  enlarged. 


rapidly  increasing  in  breadth.  Septa  perforated  liy  numerous  foramina. 
Tertiary  to  Recent. 

Orhiculina,  Lam.  (Fig.  21).  Test  discoidal;  segments  spiral  at  commence- 
ment, later  becoming  annular ; polythalamous,  septation  regular,  chambers 
subdivided ; septa  and  walls  of  segments  perforate.  Tertiary  to  Recent. 

Orhitolites,  (Lam.  (Fig.  22).  Test  discoidal,  circular  in  contour,  both  sides 
slightly  concave  in  the  centre,  of  comparatively  large  dimensions,  and  com- 
posed of  segments  which  ,, 

are  disposed  concentrically 
about  a few  spirally  wound 
primordial  chambers. 

Polythalamous;  septa 
radially  disposed,  and  per- 
forated by  symmetrically 
distributed  foramina.  In 
the  more  complicated 
forms  the  principal  segments  are  covered  over  on  both  sides  by  a thin,  super- 
ficial, multilocular  layer,  the  chambers  of  which  are  likewise  arranged  in  con- 
centric rings,  and  communicate  with  the  principal  chamliers  by  means  of  pores. 
Lias  (0.  praecursor  and  0.  circimvulva , Giimli.),  Cretaceous  {0.  macropora. 


Fig.  23. 

Alveolina  Bosd,  eVOrb.  Eocene  (Calcaire  Grossier) ; Paris.  -1,  Frontal 
aspect.  B,  Test  laid  open  so  as  to  show  cont'orniation  of  interior; 
considerably  enlarged. 
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d’Orl).),  Tertiary  {0.  roinjilanafa,  Lam.),  and  Kecent.  An  important  rock- 
Imilding  genus. 

yllveolinu,  Bose.  (Bordis,  i\Iontf.),  (Fig.  2.3).  Test  fusiform,  elliptical,  or 
sjdiei'ical,  usually  elongated  in  the  axis  of  convolution,  and  composed  of 
spirally  wound  segments  which  completely  envelop  one  another.  Each  seg- 
ment is  partitioned  oil'  into  long,  narrow  chamlrers  hy  septa  arranged  at  right 
angles  to  the  axis,  and  these  are  subdivided  into  chamberlets  by  a second  set 
of  septa  running  transversely  to  the  first  set.  Each  of  the  secondary 
chandjerlets  communicates  with  the  adjacent  ])rimary  chamber  by  means  of  a 
single  round  aperture.  In  certain  recent  s])ecies  the  secondary  chamberlets 
are  also  subdivided.  The  genus  begins  in  the  Cenomanian,  continues  in 
extraordinary  profusion,  and  becomes  a most  important  rock-builder  in  the 
Eocene  (Calcaire  Grossier  of  the  Paris  basin,  Alveolina  limestone  of  Istria, 
Dalmatia,  Greece,  and  the  Libyan  Desert). 


Family  3.  Miliolidae.  Carj)enter. 

'Best  either  enfireh/  coinjwseit  of  roil-like  serimenfs,  or  roiirohiicd  onhj  at  commence- 
ment. Briiiionlial  rhnmhcr  dimorjdions.  Triassic  to  Pecent. 

Miliola,  Lam.  (Figs.  24,  25).  Segments  disposed  in  coil-shaped  loops 
about  a few  s])irally  wound  primordial  chambers.  Each  loo])  is  constricted  at 

.1  /;  C I) 


A,  miociiUiw  hwi-twin,  il'Orb.  l-'roin  tlic  .M ioceni' Tep'l  : liaileii,  lu-ar  Vii-ima.  Triloailiiia  nilihc,  iVOrh. 
Olif^ncano  saint  from  Astrupp.  Sjii rolncin hw  lUulttisii,  it'Orl).  Mioia'iia  ; Itaiieji,  near  ^ ienna.  JJ,  Qtiiti- 

'lueloailiiw  sd.roruiit,  d'Orb.  Eocene  (Calcaire  Grossier);  Gri"non,  near  Paris. 

the  extremities  so  as  to  form  ;i  se])tnm  of  its  own  walls.  Terminal  pseudo- 
jiodial  a])erture  either  curving  in  the  form  of  a crescent  about  a tooth-like  pro- 
jection, or  branching 
dendritically  (Lacazina). 
Forms  htiving  ;dl  the  seg- 
ments dis])Osed  in  a single 
])lane,  and  all  externally 
visible,  are  groujied  to- 
gether in  the  sub-genus 
Spiral ocnlina,  d’Orb. ; with 
all  the  segments  completely 
enveloping  one  another, 
rcrfebri'ihiriipi-  JjUocnHna, d’Orb. : segments 

cronafft.  d Orb.  ^ ^ ^ 

Kpceiit : Medi-  disposed  ill  three  or  in  five 
terianean.  different  phuies,  Trilocnlina 

and  Quinqndocnliiw^  d’Orb.  The  great  variety  and  extraordinary  profusion  of 
this  genus  comlhne  to  make  it  one  of  the  most  imjtortant  of  the  rock-building 
Foraminifeni.  Massive  beds  of  Eocene  limestone  (Paris  basin,  Pyrenees)  are 


Itiloculiiia  iiinni'if",  d(>rb. 

J!,  'rran.'^versp 
s«‘ctioii  of  (^Uiiniiw  lor/ili ita 
stuwnnn,  <l  Orb.  (eiilarj;p(l). 


Fig.  jo. 

ftihiilaric  dis- 
rolithrs, 

Koccne  (Calcaire 
Grossier);  Paris. 


Fig.  27. 
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made  up  of  Miliola  remains  : at  the  present  day  calcareous  deposits  are  being 
formed  by  Biloculina  in  the  North  Sea  Avest  of  the  coast  of  XoiuA-ay.  Miliola 
begins  in  the  Triassic,  and  attains  its  maximum  development  in  the  Tertiary 
and  Eecent  periods. 

Fahukiria,  Defr.  (Fig.  26).  Like  Biloculina,  but  relatively  larger.  Oral 
aperture  sieA'e-like ; chambers  not  holloAv,  but  filled  Avith  porcellaneous  cal- 
careous matter,  and  perforated  by  numerous  anastomosing  canals  Avhich  run 
parallel  Avith  the  axis  of  coiiAmlution.  Abundant  in  Eocene  of  the  Paris 
basin. 

VertehraJina,  d’Orb.  (Fig.  27).  Test  consisting  of  coil-shaped  loops  at 
commencement,  afterAvards  becoming  rectilinear.  Tertiary  and  Eecent. 

Sub-Order  D.  VITRO-CALCAREA.  Schwager. 

Test  calcareous,  ntreous,  perforate ; more  rarely  silicious,  or  silicious  with  citro- 
perf orate  substratum- ; punctured  by  numerous  fine  tubules  for  the  emission  of  pseudo- 
podia. Silurian  to  Eecent. 

Family  1.  Lagenidae.  Carpenter. 

Test  perforated  only  by  very  fine  and  closely-set  tubules,  without  supplemental 
skeleton  or  cana.1  system. 

Layena,  Walker  (Fig.  28,  A).  Test  single-chambered,  spherical,  OA’ate, 
or  flask-shaped,  Avith  terminal  oral  aperture.  Silurian  to  Eecent. 

Xodosaria,  Lam.  (Fig.  28,  B).  Test  rod-shaped  : chambers  arranged  in  a 

ABC  D F.  F 


A,  Lo.gena  semistHata,  Williauison.  Aiitwerj'  Crag  (Pliocene);  Antwerp.  P,  Xodosj.vrkf.  spinicosta,  tVOrb. 
Tegel  (Pliocene) ; Baden,  near  Vienna.  C,  DentoUna  elegans,  d’Orb.  Same  locality.  D,  Cristellaria  rotidata.  Lain. 
Scaphiten-Planer  (Tnrouian) ; Bohemia.  E,  J'aginulina  recta.  Reuss.  Xeocomian  ; Salzgitter,  Hanover.  E. 
Limgulina  costata,  d'Orb.  Tegel  Oi’^oc^ne) ; Baden,  near  Vienna. 

straight  line  and  set  off  from  one  another  by  constrictions ; oral  aperture 
round,  terminal.  Widely  diffused  from  Silurian  to  Eecent. 

Dentalina,  d’Orb.  (Fig.  28,  C).  Like  the  preceding,  but  slightly  bent. 
Carboniferous  to  Eecent. 

Vaginulina,  d'Orb.  (Fig.  28,  E).  Test  straight,  laterally  compressed ; 
segments  flattened,  Avith  oblic[uely  directed  septa.  Triassic  to  Eecent. 

Marginulina,  d’Orb.  Early  segments  cui’A-ed  or  helicoid,  later  ones  rec- 
tilinear. Oral  aperture  slit-like.  Triassic  to  Eecent. 

Cristellaria,  Lam.  (Fig.  28,  L).  Test  regularly  piano-spiral,  Avith  convolu- 
tions completely  enA-eloping  one  another.  Oral  aperture  round.  Triassic  to 
Eecent. 
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LingnUm,  d’Orb.  (Fig.  28,  F).  Test  straight,  compressed ; segments 
attached  in  rectilinear  series.  General  aperture  terminal,  slit-like.  Triassic 
to  Recent. 

GlanduUha,  d’Orb.  (Fig.  29,  yl).  Test  short,  ovate;  segments  united  in 

a])erture  round,  ter- 
minal, usually  tubu- 
lated. Triassic  to 
Recent. 

Frond  iciila  riu, 
Defr.  (Fig.  29,  D). 
Test  straight,  ex- 
tremely comjiressed, 
and  foliately  ex- 
panded. Chambers 
greatly  retlexed, 
laterally  embracing 
one  another.  General 
aperture  round,  ter- 
minal. Triassic  to 
Recent. 

F oly  m 0 rp h i n a, 

d’Orl).  (Fig.  29,  Jl).  Segments  irregularly  helicoid,  or  arranged  in  double 
series  more  or  less  enveloping  each  other  and  varying  in  shape.  General 
aperture  round,  terminal.  Triassic  to  Recent. 

Diriiorjihina,  d’Urb.  (Fig.  29,  C).  Early  chambers  irregidarly  or  triserially 
disposed,  later  ones  following  in  a straight  line.  Cretaceous  to  Recent. 

Uvigerina,  d’Orb.  (Fig.  29,  F).  Segments  dissimilar,  disposed  in  triple 
series,  and  spirally  wound  like  a snail-shell.  Eocene  to  Recent. 

Family  2.  Textularidae.  Sclmltze. 

Test  in  larger  forms  arenaceous,  with  calcareous  basis  perforated  by  coarse  tubules  ; 
in  smaller  forms  ritreous,  perforate  ; segrneids  regularly  or  only  in  pmrt  arranged  in. 
two  {rarely  more  than  two)  alternating  series. 

Textularia,  Defr.  (Fig.  30,  ^/).  Test  usually  elongated,  straight,  tapering, 
or  turbinated.  Chambers  biserial,  alternating,  and  communicating  with  each 
other  by  means  of  slit-like  apertures.  Carboniferous  to  Recent.  Extremely 
aluindant  in  the  AVhite  Chalk. 

The  genera  Textularia,  s.  str.,  G ram mostomum  (Fig.  30,  D),  and  Bolivina  (Fig. 
30,  11)  of  the  calcareous  forms ; and  Flecaniurn  (Fig.  30,  C),  Bigenmna , 
Gaudryina  (Fig.  30,  E),  Clarulina  (Fig.  30,  F),  and  Ferneuilina  are  founded  upon 
various  minor  modifications. 

Bulimina,  d’Orb.  (Fig.  31,  G,  B).  Test  calcareous,  the  alternating 
chambers  arranged  in  an  elongated  spire.  Triassic  to  Recent. 

Tbdrulina,  d’Orb.  (Fig.  31,  E).  Test  arenaceous  with  calcareous  basis. 
Chambers  in  tri])le  series  arranged  in  screw-like  spiral.  Carboniferous  to 
Recent. 

Clirnacammina,  Brady  (Cribrostornnm,  Mbller),  (Fig.  31,  B,  C).  Test 
arenaceous  with  calcareous  basis.  Chambers  biserial,  rectilinear.  Oral  ajier- 
ture  porous.  Abundant  in  Carboniferous  Limestone,  (cf.  Bigenerina,  d’Orb.) 


rectilinear  series,  half-eml)racing  one  another.  General 


lOii. 

Ay  (fhnidulino  injlutn,  Bonieui.  Septarieiithou  (Oligoceiie) ; Ilernisflorr.  7*, 
Pohjinorphiiia  iiiJUda,  Wjllianiso]i.  Hccpnt  ; Geniiaii  Ocean.  C’,  D'nnorjihi na  s}>. 
Pliocene  ; Sienna,  Italy.  Df  Fromllatlnrio  (fohlfus.'ii,  Uhiss.  Scapliiten-Pliiner  ; 
Dnliiien,  Westijbalia.  E,  UvUjKrino  piBjmaco,  A'Ovh.  Tegel  (Miocene);  Baden, 
near  Vienna. 
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Tetrataxis,  Ehrbg.  (Fig.  31,  F).  Test  calcareous,  conical.  Alternating 
chambers  arranged  in  a turbinate  spire.  Carboniferous  Limestone. 


Fig.  30. 


■Ay  Textiilaria  globifera,  Reuss.  Upper  Cretaceous  (^enonian) ; Patteiiauer  Stolleii,  near  Traunstein,  Bavaria. 
By  'Bolivina  incrassata,  Reuss.  Ui>per  Cretaceous  ; Gbtzreuther  Graben,  near  Siegsdort,  Bavaria.  C,  Plecanium 
(fibbosum,  d'Orh.  Pliocene;  Sienna,  Italy.  D,  Grammostomum  (I'nlvnlina)  gmmeny  (VOrh.  Recent;  Cuba.  Ey 
Gaudryina  rugoscty  d’Orb.  Ujjper  Cretaceous;  Gbtzreutlier  Graben,  near  Siegsdorf.  F,  Clavidina  communiSy 
d Orb.  Miocene  ; Baden,  near  Vienna. 


Cassidulim,  d’Orb.  {Ehrenhergim,  Eeuss)  (Fig.  31,  G).  Test  calcareous,  the 


.-I,  Bulimina  Buchiancf,  d'Orb.  Miocene  (Leithakalk) ; Nussdorf,  near  Vienna.  ]’>,  Balimina  pupoidcs,  d’Orb. 
Same  locality.  C,  Climacammina  textulorifonniSy  Mbller.  Carboniferous  Limestone  ; Dugno,  Russia.  Longi- 
tudinal section,  -"/i  (after  Mbller).'  I>,  Climacammina  pyriforme,  Mt'dler,  sp.  Carboniferous  Limestone  ; Sloboda, 
Russia.  20/j  (after  Mbller).  E,  Valvulina  sp.  Eocene  (Calcaire  Grossier);  Grignon,  near  Paris.  F,  7'vf)‘ataxis 
cnnica,  Ehrbg.  Carboniferous  Limestone  ; Baclitin,  Ru.ssia.  -f^/i  (after  Mbller).  G,  Ehrenbcrglna  serratUy 
Reuss.  Miocene  ; Baden,  near  Vienna. 


alternating  biserial  segments  either  completely  or  only  partially  coiled. 
Tertiary  and  Recent. 
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Family  3.  Globigerinidae.  Carpenter. 


Test  free,  eulcareons,  perforated  hi/  roarse  tuhules ; inonothahniwus  or  pol//- 
tliuIuinoKS  ; ehumhers  (jlohiilur,  eitJier  irretpdarhj  disposed  or  imperfedhj  spiral. 

Of  the  two  most  important  genera  belonging  to  this  family,  Orhulina,  d'Orb. 
(Fig.  32,  A),  is  nniloctilar,  and  Glohiijeriiia,  d’Orb.  (Fig.  32,  C),  mnltilocular.  The 
I ,,  individual  chambers 

usually  conduct  into  a 
common  central  canal. 
In  both  genera  thetest 
is  often  covered  with 
extremely  delicate 
calcareous  spines, 
which,  however,  are 
very  easily  broken 
off,  and  are  never 
preserved  in  the  fossil 
state.  These  genera 
are  e.xcessively  diffuse 
in  modern  deep-sea 
deposits  (( ilobigerina  ooze);  they  occur  sparingly  in  IMesozoic  formations, 
beginning  with  the  Triassic,  and  first  rise  to  imjjortance  during  the  late 
Tertiarv 


I'Ki.  a-j. 

A,  Orltidim  vniccr^a,  Lam.  riioceiie;  Sienna,  Italy.  />,  SiihacroUlina 
AHstriacaf  d’Orl).  Miooene  Tegel ; Baden,  near  Vienna.  C,  ahhincrimt  mh- 
nlomci'otii , Scli\va>;er.  Pliocene;  Kar  Nikohar  Island,  n,  Inferior  surface; 
/>,  .Suiierior  surface  ; p,  Portion  of  periphery  ; t/,  Tiansverse  section  enlarp-d. 


period. 

Sphaeruidiaa,  d’Orb.  (Fig.  32,  IJ). 


Cretaceous  to  Recent. 


Famdy  4.  Rotalidae.  Carpenter. 

Test  ralrareoiis,  rareh/  arenaceons  or  siliriuiis,  Jiaeh/  or  roarsehj  perforated,  fre- 
ipieiitlti  'with  iatennediate  skeleton,  free  or  attached,  turhiaate  or  discoidal  in  contour. 
Seffinents  itsualh/  arraiafed  in  an  eloncjated  sjdre,  althoiirih  in  some  forms  irregularli/ 
d isposed. 

Ltiscoiinna,  Park.  Jones  (Fig.  33,  A,  B).  I’est  coarsely  {perforated,  tur- 
binoid.  Inferior  surface  broad  and  flat ; umbilicus  often  filled  with  deposit 
of  intermediate  skelet(jii.  Cretaceous  to  Recent. 

Blunorhulina,  Park.  Jones  (Fig.  33,  C).  Test  coarsely  {perforated,  com- 
{planate,  usually  attached,  sujperior  and  inferior  surfaces  dissimilar ; early  seg- 
ments arranged  in  de{)ressed  s{)ire,  subseciuently  becoming  cyclical.  Lias  to 
Recent.  I'he  d’Orbignyan  sub-genera  Trnnratulina,  Anomalina,  rianulina, 
etc.,  are  based  u{)on  different  modifications  in  form. 

Itotalia,  Lam.  (Fig.  34,  A).  Test  finely  {perforated,  with  segments  in 
turbinoid  s{pire.  Se{pta  conpposed  of  two  slightly  se{parated  lamellae,  with 
anastomosing  canals  occu{pying  the  intermedi;ite  s{pace.  Basis  often 
thickened  Vpy  su{P{Jemental  skeleton.  (?)  Silurian.  U{p{per  Jurassic  to 

Recent. 

Pulvinnlina,  Park.  Jones  (Fig.  34,  B).  Rotaliform,  but  septa  single  and 
without  interse{ptal  canal-system.  Lower  Lias  to  Recent. 

Endotluira,  Phill.  (Fig.  34,  C).  Test  calcareous;  coni{)osed  of  an  exterior 
coarsely  {perforated,  and  an  interior  com{pact  layer  consisting  of  minute  grains 
of  limey  matter;  {polythalamous ; irregularly  s{piral.  General  a{perture 
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porous.  Abundant  in  Carboniferous  Limestone,  and  according  to  Brady,  also 
recent. 

Cakarina,  d’Orb.  (Fig.  35).  Test  discoidal,  with  dissimilar  upper  and 

B 


A,  Diaeorhina  (Anterigerina)  planorhis,  d'Orb.  Miocene  (Leithakalk) ; Nussclorf,  near  Vienna.  B,  Discorhina 
sp.  Recent,  c,  Under  side;  b,  Ui)per  side;  c,  Lateral  view;  d.  Median  section.  C,  Flaaorbzdlncf,  Mediter- 
raneyisis,  d'Ovh.  Recent;  Mediterranean,  a,  Inferior  surface  ; Superior  surface  ; c,  Transverse  section. 

,,  lower  surfaces,  chambers  spirally  wound.  Exterior  encrusted  with  supple- 
i|  mental  skeleton,  which  fills  all  depressions,  and  luiilds  spiny  or  spur-like 


Fig.  84. 


A,  Eotalia  Beccari,  hiu.  Pliocene  ; Sienua,  Italy.  B,  Pulvimdiaa  Partschi,  d'Orb.  Miocene  (Tegel) ; Baden, 
near  Vienna.  C,  Endothym  Pander i.  Mbller.  Carboniferous  Limestone  ; Russia.  -°/i.  D, 'Endothijra  parva. 
Mbller.  Carboniferous  Limestone ; Russia.  Longitudinal  section,  wo/j. 


appendages  traversed  by  coarse  canals. 
Particularly  abundant  in  Maestricht  Chalk. 

Tinoporus,  Montf.  Patelliiia,  Williamson. 

The  recent  genera  Carpenteria,  Gray,  Fohj- 
trema,  Gray,  Bupertia,  Jones,  etc.,  are  distin- 
guished by  their  extremely  irregular,  usually 
attached,  coarsely  perforated  tests,  which  occa- 
sionally attain  considerable  size,  and  often 
contain  agglutinated,  sandy,  or  other  foreign 
particles.  Thalamopora,  Roem.,  occurring  in 
the  Cretaceous,  probably  also  belongs  to  this 
family. 


Upper  Cretaceous  to  Recent. 


Fig.  3o. 

CaJcarina  cadcitra.poidcs,  Lam.  Upper 
Cretaceous  (Tuttkreide) ; Maestridit, 
Holland. 


Family  5.  Pusulinidae.  Muller. 

Test  calcareous,  perforate,  polythalainous,  fusiform  or  spherical,  composed  of 
numerous  spirally  inrolled  whorls  {symmetrically  involute).  The  whorls  are  divided 
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into  princiiKil  chamhcrs  hji  Teiiiculhj  directed  septa,  and  these  are  further  broken  up 
into  secondanj  chamherlets  hj  transverse  partitions.  Septa  sinejle  or  more  rareh/ 
double. 

SchivarjeriiM,  Moll.  Test  sj)herical,  finely  jjcrforated.  I’rimarv  and 
secondary  septa  simple,  thin,  straight ; secondary  chamherlets  communicating 
with  the  next  following  principal  chamber  by  means  of  a basal  aperture. 


• I 77  r 7) 
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FusuUna  cylindrica,  Fiscb.  Carboniferous  Limestone  ; Saranisk,  Russia.  Natural  size.  Ji,  C,  Same  species 
showing,'  various  cross-sections  enlarge<l.  J>,  Enlarged  section  sliowing  chambers  communicating  by  means  of 
foramina  (a,  h). 

Abundant  in  Carboniferous  Limestone  of  Japan,  China,  Sumatra,  North 
America,  and  Russia. 

FusuUna,  Fischer  (Fig.  36).  Test  fusiform,  laterally  elongated  like 
AJveolina,  coarsely  perforated.  Septa  of  principal  chambers  undulating,  and 
united  so  as  to  form  secondary  chamherlets.  Excessively  abundant  in 
Carboniferous  Limestone  of  Europe  (Russia),  Asia,  and  North  America. 


Family  (i.  Nummulinidae.  Carpenter. 

Test  calcareous,  finehj  perforated,  lenticular  or  discoidal,  often  attainiraj  consider- 
able dimensions  ; jxjh/thalamous,  and  composed  either  of  discoidal  spiral  whorls  or  of 
n/doidal  rings.  Tillars  of  compact  intermediate  skeleton  present,  and  in  most  forms 
also  an,  anastomosing  caned-sgstem  occupying  interseptal  spaces  and  certain  other 
liortions  of  the  shell. 

Archaediscus,  Brady.  Test  lenticular,  unsymmetrical,  spirally  coiled.  The 
segments  irregularly  constricted  and  expanded  so  as  to  form  chambers.  Se2>ta 
and  canal-system  wanting.  CarV)oniferous  Limestone. 

A mjdUstegina,  d’Orb.  (Fig.  37).  Test  lenticular,  slightly  inequilateral, 
spirally  I'olled.  Whorls  divided  into  chambers  by  numerous  single  septa  in 
which  canals  are  not  present ; solid  wedge-shaped  dejiosit  of  intermediate 
skeleton  near  the  umbilicus.  On  one  side  the  volutions  completely  enclose 
one  another  as  far  as  the  centre,  on  the  other  they  overlap  only  2>artially  by 
means  of  alar  ^u'olongations  extending  inwards.  Chambers  communicate  with 
each  other  l)y  means  of  a slit  along  the  basis.  Miocene  to  Recent.  Pai- 
ticularly  :d)undant  in  Miocene. 

Opcrculina,  d’Orb.  (Fig.  38).  Test  discoidal,  comjJanate,  comjmsed  of  three 
to  si.x  rai)idly  exjmnding  sj)iral  whorls,  which  are  })olythalamous  and  non- 
involute. Se[)ta  and  marginal  cord  traversed  by  a direct  canal-system, 
which  gives  off  numerous  branches.  Cretaceous  to  Recent.  Particularly 
abundant  in  Eocene. 

Jleterostegina,  d'Orl).  (Fig.  39).  Like  Operculina,  but  with  chambers  sub- 
<livided  by  secondary  sej)ta  into  chamberlets.  Tertiary  and  Recent. 

Xummulites,  d’Orb.  (Fhacites,  Gesner ; Lenticulites,  Lam.),  (Figs.  40-42).  Test 
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symmetrically  lenticular  or  discoidal,  composed  of  numerous  spirally  arranged 
polythalamous  volutions,  and  usually  with  columnar  intermediate  skeleton, 
which  forms  small  excrescences  on  the  periphery.  The  septa  and  marginal 

n 


Fig.  37. 


Ampliistegina  Haxieri,  d’Orb. 
Miocene  (Leithakalk) ; Xuss- 
dorf,  near  Vienna,  o,  Exterior 
views,  enlarged  ; h,  Natural 
size ; c,  Median  section, 
greatly  enlarged  ; 0,  Trans- 
verse section,  greatly  en- 
larged. 


Fig.  3S. 

OpercuUna  compJano.ta,  Bast.,  sp.  Miocene  ; 
Bordeaux,  n.  Natural  size ; b,  c,  Median  and 
longitudinal  sections,  greatly  enlarged. 


Fig.  39. 

Heterostegina  costatn,  d'Orb. 
Miocene  (Leitliakalk) ; Nuss- 
dorf,  near  Vienna. 


cord  contain  a coarse,  anastomosing  canal-system,  as  in  OpercuUna.  Primordial 
chamber  spherical,  sometimes  large,  sometimes  exceedingly  minute  in  size. 
The  Avhorls  either  merely  embrace  one  another  {Assilina)  (Fig.  -±1),  or  they 
completely  envelop  one  another  by  means  of  alar  prolongations  reaching 

a h c d e 


1 inwards  to  the  centre  (Xuinmulina).  The  septa  are  pierced  in  the  median 
j plane  by  an  oblique  slit-like  aperture,  and  also  extend  into  the  saddle-shaped 
I alar  prolongations  of  the  chambers.  They  are  directed  in  the  groups  Badiatae 
1 and  Striafae  in  straight  or  slightly  curved  lines  (Figs.  40  and  42,  C) ; in  the 
j Sinuatae  they  follow  meandering  courses  (Fig.  42,  A) ; and  in  the  JReticidatae 
j (Fig.  42,  B)  they  form  an  interlacing  network  by  means  of  connecting  pro- 
< VOL.  I D 


Xurnnudites  cfr.  Lticasanus,  Dfr.  Eocene ; Kressenberg,  Upper  Bavaria.  Several  times  enlarged, 
a,  Marginal  cord  with  canal-system  ; b,  Septal  plane  with  interseptal  canal-system ; c,  Interior  of  chamber : 
d.  Finely  perforate  peripiliery  ; e,  Small  pillars  of  intermediate  skeleton. 


Fig.  40. 
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cesses. 


FiCJ.  41. 

Nuiiiiiiulifes  (Assi 
litia)  cxjioiiciis,  Sf>\v 

Eocene  ; Pvieiu'ps. 


- mm. 


The  ramifications  of  these  lateral  })rocesses  {Filet  cloisonnaire)  may  be 
readily  seen  on  fracturing  a portion  of  the  test,  and  are  a 
valuable  aid  in  the  determination  of  species.  The  oldest 
Nummulites  (A’’,  prisfinus,  Brady)  occur  very  sparsely  in  the 
Carboniferous  Limestone  and  Upi>er  Jurassic,  but  are  dis- 
tinguished from  the  typical  later  forms  by  the  absence  of 
an  interior  canal-system  in  the  marginal  cord.  The  tyincal 
Xummulites  -which  are  so  characteristic  of  the  Eocene  (Num- 
mulitic  limestone)  in  Europe,  North  Africa,  Asia,  and  Central 
America,  often  build  up  massive  formations.  The  largest 
■species  (*Y.  Oizthensis,  Ehrbg.,  y.  orbiculafus,  Schafh.)  attain 
a diameter  of  GO  mm.  ; the  smallest  species  does  not  exceed 
recent  rejtresentatives  comparatively  scarce. 


J’oh/sfumeUa,  d’Orb. 
Tertiary  and  Kecent. 


(Fig.  44) ; Nonioninu,  d’Oi-b.  ; Ci/doch/peits,  Carp. 


.1,  Nniitiinilifrs  iisis,  Elirb^c  Eocene;  Libyan  Desert.  Xatural  size.  -1*^,  SiK*cinien  with  eroded  ijeri- 

pjieral  ]M)ition,  showing'  arrangement  of  .septa.  y.'J-,  ynmnuiWes  Inr.ciffotus,  Lam.  Caleaire  Grossier;  Paris. 
Natural  size.  /.'•>,  I’ortion  of  same  enlartfed.  Uamondi^  l)efr.  Eocene  (Nummulitic  lime- 
stone); l’yrem*es.  Natural  .size.  Enlarged  section. 


Orhitoidcs,  d'Orb.  (}I)/ineH0ci/cIiis,  Broun  ; Li/cophnjs,  Montf.),  (Fig.  45).  Test 
discoidal,  with  circular  or  stellate  contour,  often  bent,  exterior  .smooth  or  with 


Fii..  j:j.  • 


_ .1,  XiiMumilitic  liiiicstoiie  -vvitli  horizontal  .sections  of 
.y.  I'uscli.  Pevrelioraile,  in  tlie  I’yivnees.  Jl, 

Xuniniulitic  limestone  s]K)\ving  sectioins  of  X.  Lncaaanus, 
liofr.  Zakoiiliaiie  in  tin-  Cai'iJatliians. 


Fig.  -14. 


* rrispa,  L.'im. 

Pliocene  ; .Sienmi,  Italy. 
(Higlily  inagnilieil.) 


radial  striae,  and  composed  of  numerous  concentric  annuli  disposed  about  a 
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primordial  spiral  of  three  to  five  whorls.  The  rings  are  divided  l)y  transverse 
partitions  into  small  rectangular  chambers,  and  the  se})ta  and  marginal  cord  are 
traversed  by  canals.  Superimposed  over  the  median  series  of  principal 
chambers  on  both  sides  are  several  layers  of  flattened  secondary  chamberlets, 


C D A‘i  E n 


i 


Fig. 

A,  Orbitoides  papyracea, 'lionbte.  Eocene  (Ferruginous  sandstone);  Kressenberg,  Ujiper  Bavaria.  (Greatly 
enlarged).  i Median  cliambers  ; - Lateral  chambers  ; 3 Compact  pillars  of  intermediate  skeleton.  B,  Portion  of 
median  transverse  section,  highly  niagnitied ; -Lateral  chambers  with  perforate  walls:  Canal-system  of 

cyclical  marginal  cord;  5 Tubules  connecting  adjacent  chambers.  C,  Peripliery  and  piolile  of  same,  natural 
size.  D,  Orbitoidf>s  triiella,  Gnmhel.  Eocene;  Kressenberg.  (Natural  size.)  E,  Urhitoiilcs  variccobtata,  Gmnhch 
Eocene;  San  Martino,  near  Verona.  (Natural  size.)  F,  Orb ito ides  cphijipiuni^  Sow.  Eocene;  Kressenberg. 
(Natural  size.) 


which  are  likewise  disposed  in  concentric  rings.  Very  abundant  in  the  Eocene, 
associated  with  NummuUtes  ; rare  in  Upper  Cretaceous  and  Miocene. 

Dawson,  Carpenter,  and  various  other  authors  have  referred  the  so-called 
Eosoon  occurring  in  crystalline  limestone  of  the  Archaean  (Laurentian)  ])eriod 
to  the  Foraminifera ; but  the  elaborate  investigations  of  Mubins  have  shown 
that  neither  Eozoon  nor  Archaeosphaerina  can  l)c  regarded  as  organic  structures, 
but  are  mineral  segregations. 


Range  and.  Distribution  of  Fossil  Foraminifera. 

Of  the  over  2000  species  of  Foraminifera  that  have  been  described,  about 
two-thirds  are  known  in  a fossil  state.  The  longevity  of  certain  genera  and 
species  is  remarkable,  many  of  them  persisting,  according  to  Parker,  Jones, 
Brady,  and  others,  throughout  a number  of  formations  of  various  ages. 

The  earliest  forms  occur  very  sparingly  in  the  Silurian  of  St.  Petersl.Hirg, 
Siberia,  and  Scotland.  They  are  for  the  most  part  poorly  |ireserved,  those 
from  Petersburg  being  recognisable  only  as  glaucotutic  casts,  belonging  in 
part  to  silicious  shell-bearing  genera  [Placopsilim,  Succamiiia),  and  in  part  to 
vitreo-perforate  genera  (Nodosaria,  Lagena,  Glohigerina,  Eofalia).  The  Devonian 
is  also  very  poor  in  Foraminifera  remains;  but,  on  the  other  hand,  the  Carbon- 
iferous yields  an  abundant  and  considerably  varied  fauna ; in  fact,  certain 
genera  {Eusilina,  ScJnvageriiia,  Saccamina,  Endotlujm)  bnild  u]i  limestone  de- 
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posits  occasionally  of  great  thickness.  iXunierous  representatives  of  the 
Lufjenidae  {Xodusaria,  iJenfalina,  etc.),  Textukiridue,  llotalidae,  and  even  the 
Xmnmnlinidae  accompany  the  rock-building  forms,  and  continue  for  the  most 
part  throughout  the  Permian.  Except  in  the  Alps,  the  Triassic  is  almost 
destitute  of  Foraminifera,  and  even  the  pure  limestones  and  dolomites  of  the 
Alpine  Triassic  have  usually  become  so  altered  by  metaniorphism  as  to  render 
the  recognition  of  tests  well-nigh  impossible.  Notwithstanding,  (llobigerina 
limestone  has  been  discovered  in  the  Upper  Triassic  of  the  Northeiai  Alps, 
and  tests  of  Crisfellaria,  Murfjinulina,  Glohvjerma,  Texfiduria,  Bilvculina,  etc.,  are 
found  in  the  8t.  Cassian  beds. 

Certain  argillaceous  and  calcareous  strata  of  the  Lias  and  dura  contain 
\'ast  quantities  of  minute,  vitreo-perforate  or  silicious  Foraminifera.  In  the 
Cretaceous,  Tcxtidaria,  Itoialiu,  Crisfellaria,  GJohifjerina,  Miliolu,  and  CuccoHfhs  are 
essential  constituents  of  the  White  Chalk.  Individual  beds  of  the  JMaestricht 
Chalk  consist  almost  entirely  of  Cahariria  remains  ; in  the  Urgo-Aj)tian  Orh- 
ifulina  is  the  chief  rock-builder ; in  the  Upper  Cretaceous  yllveulinu. 

The  maximum  (leveloi)ment  of  the  Foraminifera  falls  in  the  Tertiary 
period.  IVIassive  beds  of  the  Eocene  Calcaire  Grossier  occurring  in  the  Paris 
basin  and  in  the  Pyrenees,  and  affording  an  excellent  l^uilding  material,  are 
composed  of  MiUoIidae  remains  ; other  Eocene  limestones  consist  of  Aheolina, 
Opcradiria,  Orhifolifes,  and  Orhifoides  aggregations.  Put  of  far  greater  geological 
importance  are  the  XnwinuUfes,  which  occur  in  incredible  abundance  in  the 
Eocene  and  Oligoccne  Nummulites-formations  of  the  IMediterranean  district, 
Asia  IMinor,  and  Eastern  Asia. 

During  the  late  Tertiary  the  Xn  riiui  id  if  es  ixlmost  entirely  disapi)ear ; only 
Amphisfeijina  continues  as  an  occasional  rock-lmilder,  and  from  the  middle 
and  later  Tertiary  on,  the  Foraminifera  fauna  remains  very  nearly  the  same 
as  noAv.^ 

^ [Additional  references  to  the  Literature  on  Protozon  : 

Soldnui,  .!.,  'restaceograpliia  ac  Zoophytogi-aphia,  etc.,  1789. 

Fichtel  und  Mult,  Testaeea  niicroscoi)ia  aliaciue  ininuta  e.\  generibus  Argonauta  et  Nautilus,  1803. 
JiiijunUii,  , Oiiservatlons  sur  les  llliizopodes  (Coinptes  llendus),  1835. 
i:hi [X! r&h-  et  LuchiiKiiui,  Etudes  .sur  les  Inl'usoires  et  les  Kliizoirodes,  1858-59. 

Parker  and  Janex,  Nomenclature  of  the  Foraminifera  (Ann.  and  Mag.  Nat.  Hist.),  1858-75. 

Terqvem,  <>.,  .Meinoires  .sur  les  FMraminiferes  du  Lias  (Mem.  <le  I’Acad.  Imp.  de  Metz),  1858-66. 
WUliamroH,  IF.  C'.,  On  the  Recent  Foraminifera  of  Great  Britain,  1858. 

Midler, Ueher  die  Thalassicolen,  Polycystinen,uud  Aeanthometreii  (Abhandl.  Berliner  Akad.),  1858. 
Jlcass.  K.  .1.,  Eutwurf  einer  sy.stematischeii  Zusaminenstellung  der  Foraminifereii,  1861. 

Joaex.  Parker,  and  Jinalji,  Monogi'aph  of  the  F'oramiuifera  of  the  Crag,  1868. 

Ehrenheni,  ( '.  O'.,  Mikrogeologisehe  Studien  tiber  das  kleinste  Lebeii  der  Meeres-Tiefgruude,  etc. 
(Abiiandl.  Berliner  Akad.),  1872. 

Ziltel.  K.  .1.  ran,  Ueber  fossile  Kadiolarien  der  oberen  Kreide  (Zeitschr.  d.  deutsch.  geol. 
Gesellsch.),  1876. 

Lekhj,  ./.,  Freshwater  Rhizopods  of  North  America  (Rept.  U.S.  Geol.  Surv.  Terrlt.  voh  NIL),  1879. 
Duaihuirski,  E.  van.  Die  Bpongien,  Radiolarien,  und  Foraminifereii  der  Uuter-Liasi.schen  Schichten 
von  Schalliurg  (Deiikschr.  Wiener  Akad.),  1882. 

Brandt,  K.,  Die  koloniebildeiideii  Kadiolarien  (Sphaerozoeen)  des  Golfes  von  Neapel,  1885. 
tidusler,  li..  Monographie  der  Foraminifereii  - Fauna  der  schweizer.schen  Tran sver.sarius  - Zone 
(Abhandl.  der  schweiz.  paliiont.  Gesellsch.),  1890. 

Perner,  ,T.,  Ueber  die  Foraminifereii  ile.s  bblimischeii  Cenomans.  Palaeontographica  Bohemica 
No.  1 (Abhandl.  der  k.  bbhm.  Gesellsch.  der  Wisseii.  II.  C'la.sse),  1892. 

Sherhora,  C.  I).,  Index  to  the  Genera  and  Species  of  the  Foraminifera  (Smithsonian  Misc.  Coll,  voh 
XXXVII. ),  1893-95. 

Very  extensive  bibliograiihies  are  contained  in  the  works  of  Carpenter  and  Brady,  cited  on  p.  19. 
Reference  may  also  be  made  here  to  the  exhaustive  bibliography  of  the  Sponges,  which  will  be  found 
in  the  monographs  of  Hinde  and  Rauflf.  cited  on  p.  42. — Traxs.] 
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A.  Chitinosa 

B.  Agglutinantia 
Astrorhizidae 
Lituolidae 
Orbitulinidae 

C.  Porcellanea 
Xubeoularidae 
Peneroplidae 
Miliolidae 

D.  Vitro-Calcarea 
Lagenidae 
Textularidae 
Globigerinidae 
Rotalidae 
Fusiiliuidae 
Xmnmulinidae 
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Order  2.  RADIOL  ARIA.  MliUer.i 

{Poli/ci/sfina,  Ehrenberg.) 

Marine  Ithizopoda  emitting  fine,  filiform,  radially  directed  pseudopodia,  icith 
central  capsule  and  extra-capsulurn,  and  usually  with  deliccde  silicious  sJceleton. 

The  sarcode  body  of  the  Radiolariaiis  is  differentiated  into  (1)  an  inner 
central  sphere  or  capsule  of  tough  slini}’  protoplasm  containing  one  or  more 
nuclei,  vacuoles,  alveoles,  granules,  oil-globules,  and  sometimes  crystals,  and 
surrounded  by  a capsule-membrane  perforated  by  pores  or  pylae  ; and  (2)  an 
outer  jelly-like  extra-capsulurn,  the  sarcode  of  which  emits  pseudopodia.  The 
individuals  lead  usually  an  isolated  existence,  and  are  only  rarely  united  in 
colonies. 

Most  Radiolariaiis  secrete  skeletons  composed  either  of  bars  or  spicules  of 
acanthine  (an  organic  substance  allied  to  horn  or  chitin)  or  silica,  or  they  build 
an  exceedingly  delicate  lattice-work  composed  of  transparent  amorphous  silica. 
Only  the  latter  forms  are  known  in  a fossil  state,  and  owing  to  their  minute 
size,  are  commonly  indiscernible  except  with  the  aid  of  the  microscope. 

^ Ehrenberg,  C.  G.,  Mikrogeologie,  1854,  aud  Abhaudlg.  Berliner  Akad.  1875  (Radiolaria  from 
Barbados). — Haeckel,  E.,  Die  Radiolarieu.  Mouograpli  1862,  and  Report  on  the  Radiolaria  col- 
lected by  H.M.S.  Challenger,  1887. — Hertidg,  R.,  Der  Orgauismus  der  Radiolarieu,  1879. — 
SUihr,  E.,  Palaeontographica,  XXVI.  1878  (Radiolaria  from  Sicily). — R.ast,  D.,  Palaeontographica, 
XXXI.  1885,  XXXIV.  1888,  and  XXXVIII.  1892.— Dreyer,  F.,  Die  Tripoli  von  Caltanisetta. 
Jsnaische  Zeitschrift  f.  Xaturw.  XXIV.  1890. — Caijeux,  L.,  Bull.  Geol.  Soc.  France,  1894,  p.  197. 
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Haeckel  diA'ides  the  Iladiolaria  into  four  sub-orders,  as  folloAvs  : — 

A.  Acantha ria . — Capsule-membrane  uniforml\’  perforated  ; skeleton  com- 
posed of  acanthinic  spicules.  UnknoAvn  in  fossil  state. 

B.  Spinnellaria. — Capsule-membrane  single,  ])ores  distributed  all  OA'er ; 
skeleton  silicious,  spherical,  or  discoidal,  sometimes  Avanting  (Fig.  48). 

C.  Nassdaria. — Capsule-membrane  single,  perforated  onlA'  about  the  oral 
pole  ; skeleton  silicious,  helmet-  or  cap-shaped,  conformation  of  poles  dissimilar 
(Figs.  49,  .50). 

D.  rhaeodarw . — Capsule-mend >rane  double,  perforated  Iaa'  one  main  openin 
prolonged  into  a tubulus,  and  b\-  a feAA-  smaller  accessmy  openings.  A dar 


A I!  C I) 


Fig.  4G. 


Silurian  and  Upvonian  Kinliulanans  : A,  Ci'i)n.<!ph‘nra  'tnt'.cropora,  Hilst.  Onlnvioian  ; Cabriores,  Laii'^updoc, 
]>,  Stanrohmche  microporn,  Ihist.  Ordovician  : Cabricrcs.  < \ Canjos]>hn(ra  <iro<hkcki,  Uiist.  Upiicr  Dfvouian  ; 
Scliabeiiliolz,  near  Klbin;:erodt',  Ilarz  Mountains.  I>,  Liihocampe  Tsi-hernytschcirii,  Kii.st.  Devonian;  Ural. 
Magnilied  100 — liiO  <Uamcters  (alter  Hii.st). 


])igment  l)ody  (jdioeoJiinii)  constantly  ])resent  in  extra-cai)sular  sarcode.  Skeleton 
commoidy  consi.sting  of  IioHoaa’  siiicious  sj)icules  disposed  in  hask-shaped  or 
A'ariously  shaped  frameAA'orks.  UuknoAA-n  in  fossil  state. 

lladiolarians  are  exclusiA’ely  marine  organisms,  and  aie  found  <at  all  bathy- 
metric zones.  They  occur  in  A'ast  numbers,  especially  in  tro]>ical  seas. 


A 


Fig.  47. 


(*ai  boniferous,  Jurassic,  and  Cretaceou.s  Uadiolarians  : vl,  Sfovrcfcontium  iiineqnalc.  Uiist.  Carboniferous; 
Sicily.  /J.  Trnrhoi/isrHS  Kichohoui,  Uiist.  Carbonifcrou.s  ; Ilarz.  C',  Xiphodldya  Uiist.  In  coitrolite 

from  Lias  ; Ilserlc,  Hanover.  1),  Hymen  lost  rum  rotumhim,  UiisT.  In  coprolite  from  Cretaceous  ; Zilli,[vSaxony. 


SAA-imming  on  the  surface,  as  Avell  as  at  medium  and  eA'en  abysmal  depths; 
])articularly  betAA'een  2000  — 4000  fathoms  in  dej)th,  extensiA'e  deposits  of 
“ Radiolarian  mud  ” liaA’e  l)een  found,  the  composition  of  AAdiich  is  largely  silica 
Avith  a small  j)ercentage  of  carbonate  of  lime. 

The  diA'ersity  of  form  exhibited  by  Uadiolarians  is  most  astonishing,  and 
the  identification  of  their  microscopic  silicious  skeletons  is  impossible  AA'ithout 
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the  aid  of  special  literature, 
logical  antiquity  of 
the  Radiolarians  is 
very  great ; and  they 
also  play  an  important 
part  in  the  composi- 
tion of  many  silicious 
and  calcareous-silicious 
rocks  (quartzites,  horn- 
stone,  jasper,  phy  Hites, 

Aptychenschief  er,  etc. ) 

According  to  Barrois 
they  are  the  oldest 
known  animal  organ- 
isms, since  the  Spumel- 
laria  (Monosphaeroidae) 
occur  plentifully  in 
the  bituminous  quart- 
zites of  Bretagne,  in- 
terbedded  with  jire- 
Cambrian  gneiss. 

Although  the  group 
is  still  very  imperfectly 
known,  yet,  according 
to  Riist,  fossil  Radio- 
laria  are  by  no  means 
less  abundant  and  less 
diversified  than  the 
recent.  Only  in  ex- 
ceptional instances 
(Miocene  of  Barbados, 

Oran,  Sicily)  have  the  skeletons  been  preserved 


Contrary  to  formerly  accepted  ideas,  the  .ge,o- 


Fig.  48. 


Recent  ami  Tertiary  Sxminellarians  : A,  Actinomma  o.sferacanthuim,  Haeck. 
Recent;  Messina,  B,  Stylodictya  multispina.,  Haeck.  Recent;  IMessina.  C, 
Heliodiscus  Humboldti,  Elirhcc  Barbados  eartii  (Miocene);  Barbados.  D, 
Ha.liommo  dixiplws,  Ehrbg.  Miocene  marl  ; Caltanisetta,  Sicily.  E,  Astromma 
Aristotelis,  Eihvlig.  Miocene;  Barbados. 

unaltered,  and  still  consist  of 
amorphous  silica.  In  the 
older  rocks  the  silica  has 
usually  become  dissipated 
in  the  matrix,  being  re- 
placed by  lime  carljonate, 
iron,  or  some  colouring 
agent ; in  other  cases  the 
quartz  has  become  crypto- 
crystalline, or  replaced  by 
a calcite  jiseudomorph. 

The  Cambrian  Grift'el- 
schiefer  of  Sonneberg  in 
Fig.  49.  Tliui’ingia  contain  poorly 

preserved  Sphaeroidea ; the 
usually  dark,  though  some 


Recent  and  Tertiary  Xasselarians  : A,  BodocyrtisSchomburgld,  Ehrbg. 
Tertiary  marl;  Barbados.  B,  Cyrtocalpis' amphora,  Haeck.  Recent; 
Messina.  C,  Bothtyjocampe  hexathaJamia,  Haeck.  Recent ; Mediter- 
ranean, D,  Petalospyris  foreolata,  Ehrbg.  Tertiary  marl  ; Barbados. 


times  red  or  light-coloured 


Ordovician  strata  of  Langenstriegis  in  Saxony,  and  of  Rehau  and  Steben  in 
Franconia,  the  red  jasper  of  Abington,  Scotland,  and  the  Ordovician  silicious 


i 


40 


PROTOZOA— EHIZOPODA 


CLASS  I 


ioc_ks  of . <Cabrieres  in  Languedoc,  are  more  or  less  rich  in  Iladiolarian  remains 
belonging- exclusively  to  the  Sjjumellaria  (Fig.  40,  A,  B). 

hhvm.the  Devonian  jasi)er  of  Siberia,  the  silicious  schists  of  Hesse  and 
Xassau,  ,and  the  manganiferous  quartzite  of  Elbingerode  in  the  Harz,  and 
Qthqr  i^ilacos,  Liist  has  described  forty-six  Spumellarian  species  and  seventeen 
XaGselzu'ian  {Cijiioideu).  The  sub-Carboniferous  quartzites,  phyllites,  adinole, 
and  ja?j)(>rs  from  the  Harz  (Culm  formation),  Ural  district,  and  Sicily  have 
yielded  155  s2)ecies,  of  vhich  thirty-six  belong  to  the  Xasseluria.  In  general 
the  Pa)fit!ozoic  Kadiolarians  are  remarkable  for  their  relatively  large  size  and 
cxcellejit  lu'eservation. 

The  Triassic  appears  to  be  destitute  of  Eadiolarians  except  in  the  Alj)s, 
'.vhere  they  are  abundant  in  the  hornstone  and  silicious  limestone  of  the 
Ijivchenstein  beds  of  Hungary,  and  occur  less  fre(piently  in  the  KeiHing  lime- 
stones, in  the  AVengen  beds  of  Storzic  in  Krain,  in  the  marls  of  St.  Cassian, 

and  in  the  silicious  lime- 
stone of  theEothelstein, 
near  Aussee,  etc.  They 
are  tisually  associated 
herew  ith  the  remains  of 
sponges  and  Foramini- 
fera.  In  the  silicitied 
coprolites  of  the  Lias, 
found  at  Ilsede,  Han- 
over, Kadiolarians  are 
very  common  ; they  are 
somewhat  less  frecpient 
in  the  limestones  of  the 
Lower  Lias  on  the  Scliafberg  in  L'jiper  Austria.  Certain  hornstone  beds  of 
[Middle  Jurassic  age,  found  at  Fiszke,  Hungary,  the  Upper  Jurassic  jmdding- 
stones  of  Cittiglio,  near  Laveno  on  Lago  IMaggiore,  ami  numerous  Tithonian 
jaspers,  as  well  as  the  ^\,lpine  Aptychus  beds,  are  charged  with  Kadiolarians; 
here  the  Xassclaria  are  nearly  as  plentiful  as  the  Sjunnellaria.  The  Lower 
Cretaceous  (Xeocomian)  of  Cardenazza  has  yielded  but  few  forms;  but,  on  the 
other  hand,  cojnolites  from  the  Cault,  found  near  Zilli  in  Saxony,  and  Lower 
Cretaceous  clay  marls  in  [Manitoba,  Canada,  as  well  as  the  Lqiper  Cretaceous 
marls  of  Haldem  in  M estphalia,  and  ^ ordorf  in  Braunschweig,  contain 
excellently  preserved  skeletons  in  greater  or  lesser  abundance.  Even  the 
Hinty  concretions  of  the  Upjier  Chalk  sometimes  contain  them,  although  in  a 
poor  state  of  ])reservation.  Certain  Eocene  hornstones  in  Italy,  according  to 
Fantanelli,  aie  filled  with  Kadiolarian  remains,  while  in  the  Flysch  they  are 
also  very  profuse  in  some  localities,  although  usually  jKJorly  preserved. 

By  far  the  most  noted  occurrence  of  fossil  Kailiolarians  is  in  the  chalky 
“ Barl)ados  earth,”  of  [Miocene  age,  in  which  Foraminifera  are  also  very  con- 
spicuous; while  the  “tripoli”  of  Grotte,  Caltanisetta,  and  Girgenti  in  Sicily, 
of  Gran,  Aegina,  Zante,  the  Xikobar  Islands,  and  other  localities  (Miocene  ami 
Pliocene),  is  scarcely  less  noteworthy.  Ehrenlmrg  has  de.scribcd  278  species 
from  Barliados  alone,  and  from  Sicily  Stdhr  has  described  118  sj)ecies,  most  of 
which  belong  to  still  e.xtant  Spumellarian,  Xasselarian,  and  Fhaeodarian  genera. 


I!  C 1)  K 


Kio.  fjO. 


Tertiary  Xasselarian.s  from  13aiT>a<los  : A,  Anthoriirtis  racspilvs,  Ehrb«r.  //, 
Lychnocanium  jAicenifi^  Khrbk".  C,  J}i('(yoinitrn  Mnnfijofjieri,  Elirbg.  I), 
EucyrtUUuiii  clcyans,  Khrbg.  K,  J'terocodoii  campann,  Elirb};. 


Sub-Kingdom  II.  COELENTERATA.  (Zoophytes) 


CoELENTERATES  or  Zoophytes  are  free-SAvimmiiig  or  attached  aquatic  animals  of 
very  variable  form  and  size,  with  multicellular  bodies,  and  more  or  less  distinctly 
radial  in  symmetry.  A large-sized  mouth-opening  conducts  into  a central  gastric 
cavity  (gastwvascular  space),  which  either  ends  blindly,  or  is  provided  with  peri- 
pheral pouches,  or  a canal-system  for  the  conveyance  of  food-particles.  Since 
the  chief  function  of  the  gastrovascular  space,  together  with  its  diverticula,  is 
that  of  digestion,  although  including  also  the  reproductive  organs,  it  corresponds, 
at  least  physiologically,  to  the  stomach  and  intestines  of  higher  animals.  A 
definite  anal  opening  is  absent ; the  excretions  and  sexual  elements  are  A'oided 
through  the  mouth. 

The  body  consists  of  three  layers  of  cells,  an  ectoderm,  mesoderm,  and 
entoderm.  The  ectoderm  often  secretes  a calcareous  or  horny  skeleton,  but  in 
most  cases  the  horny,  silicious,  or  calcareous  skeletal  elements  are  the  product 
of  the  mesoderm. 

Keproduction  is  either  sexual  or  asexual,  or  an  alternation  of  generations 
may  occur.  The  process  of  budding  or  self-division  gives  rise  to  polyzooid 
colonies,  in  which  the  individuals  subsist  in  intimate  relationships  with  one 
another,  and  sometimes  institute  a physiological  division  of  lal)Our. 

R.  Leuckart  was  the  first  to  recognise  the  Coelenterates  as  constituting  a 
distinct  structural  type  of  animals,  and  separated  them  from  the  Echinoderms, 
with  which  the  older  systematists  had  associated  them  under  the  general  term 
of  Radiates  or  Actinozoa.  The  Coelenterates  are  divided  into  three  principal 
groups  or  sub-branches  : Porifera,  Cnidaria,  and  Ctenophora  ; of  which  only  the 
first  two  have  left  traces  in  the  rocks. 


Sub-Branch  I.  Porifera.  Hooo-. 

The  Porifera  or  Sj^onges  are  sessile,  aquatic  animals  of  extremely  variable 
form.  The  body  consists  of  a single  layer  of  j^avement- cells  forming  the 
ectoderm,  a likewise  single  layer  of  collared  epithelial  cells  constituting  the 
entoderm,  and  a strongly  developed  mesoderm  tissue,  which  latter  comprises  the 
bulk  of  the  soft  parts  (including  all  the  organs,  muscles,  sexual  elements,  and 
nerves),  and  almost  invariably  secretes  a hard  skeleton.  The  latter  may  consist 
of  horny  sponge-fibres,  or  of  regularly  disposed  silicious  or  calcareous  skeletal 
elements.  The  whole  body  is  ramified  by  a canal-system,  and  the  outer 
epithelial  layer  is  perforated  by  countless,  minute,  dermal  pores  for  the  entrance 
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of  water  laden  with  food-particles.  The  pores  communicate  Ijy  means  of  fine 
incurrent  canals  with  sul)-dermal  ciliated  chambers,  from  which  larger  excurrent 
canals  conduct  the  Avater  and  sponge-food  through  the  l)odv,  and  generallv  open 
into  a wide,  exhalent  oj)ening  called  the  clodca  or  pawfiasfer.  Stinging  cells, 
tentacles,  and  radial  mesenteries  are  absent.  The  Porifera  com[)rise  but  one 
class — the  Sponges. 

Class  1.  SPONGIAE.  Sponges.^ 

Sponges  are  remarkaltle  for  their  e.xtreme  variabilit\’  in  external  form  and 
size ; they  lead  either  an  isolated  existence,  or  are  united  in  colonies  of 
cylindrical,  tubulate,  pyriform,  fungus-like,  bult)Ous,  spherical,  com})ressed,  leaf- 
like, umbel-,  l)Owl-,  or  Ijeaker-shaped,  or  of  botryoidal  form.  They  are  long  or 
short  stemmed,  or  a peduncle  may  be  absent  ; sometimes  the  stock  is  branching, 
and  the  arms  may  be  either  separate  or  interlaced  so  as  to  form  networks. 
Xothing  is  less  stable  than  the  outer  conformation,  which  varies  e.xcessively 
according  to  the  situation  and  other  plu’sical  conditions,  and  whose  systematic 
importance,  accordingly,  is  very  slight.  The  size  is  also  extremely  variable, 
ranging  from  that  of  a ])in-hea(l  to  1.1  metres  in  diameter. 

S])onges  are  invarialjly  sessile  in  habit,  being  attached  either  by  means  of  a 
stem  or  a l)undle  of  anchoring  s[)icules,  or  they  may  be  simply  enciusting  at 
the  base. 

The  canal b\'  which  the  whole  body  is  traversed,  is  extremely  com- 
plicated in  thick-walled,  l;ut  simple  in  thin-walled  sponges.  A distinctiejn  is 
recogni.sed  between  incurrent  or  inhalent,  and  excurrent  or  exhalent  cajials.- 
The  water  enters  through  the  dermal  pores,  and  passes  through  the  incui'rent 
canals  into  the  ciliated  chaml)ers,  which  are  lined  with  epithelial  cells.  From 
these  it  is  cejnveyed  through  all  parts  of  the  l)ody  by  means  of  the  fre(]uently 
branching  excurrent  canals,  which  open  into  a sac-like,  tube-like,  or  funnel- 
shaped  cloaca.  'I'lie  exhalent  o])ening  of  the  latter  is  termed  the  osculum. 
Fxti-emely  thin-walled  sponges  have  no  cloaca,  osculum,  or  branching  canal- 

^ Literature  : A.  On  recent  Siionges. 

S<-hmitlt,  <>.,  Die  Spongieii  de.s  Ailriiitisclien  ^^eeres,  Leipzig,  1861-66. — Die  S])ongien  des 
jreerlmseiis  von  Mex'ieo,  .Jena,  1870-80. — lloeckd,  E.,  Die  Kalk.scliwainine,  1872. — S’hulze,  F.  E., 
I nter.snelinngeii  idler  den  Dan  nnd  die  Kntwickelnng  der  Spongien  ; Zeitselir.  fiir  wisseiiscliat't.  Zool., 
l!il.  XXVII..  .XXVIII..  X.XX..  187t!-80. — Deport  on  the  Ile.vaetinellid.a  ; Sei.  Re.snlts  ChnUeiujer 
K.xped.,  Zoology,  vol.  X.\l.  1887. — Vosmuer,  O',  (J.  ./.,  I’oril'era  ; lironn’s  Cla.s.sen  nnd  Ordnnngen  des 
Tliierreiehs  (2nd  ed.).  Hd.  II.  1882-87. — Li'iutenfehl,  Ji.  v.,  Das  System  der  Spongien;  Diolog. 
(.'entrallilatt.  IM.  IX.  1889. — A Monograjih  ot  the  Horny  Sjionge.s,  London,  1889. 

H.  Un  t'o.ssil  S]ionges. 

A.,  I’etrefaeta  (lerni.aniae.  Bd.  I.  1826-.3.3. — Mic/idhi,  //.,  Iconogra])hie  zoophytologiqne, 
1840-17.-  - i'rtimentd,  E.  de.  Introdnetion  a I’etnde  de.s  eponges  fossile.s  ; Mem.  Soe.  Linn.  Normandie, 
vol.  .XI.  18.79. — Ilneiiier,  F.  .1.,  Die  Spnngitarien  des  norddentschen  Kreidegebirges  ; Palaeonto- 
graphiea,  Dd.  XII.  1861. — ZHtd,  K.  A.,  Ueber  Coelo])tychinm  ; Abhandl.  k.  bayer.  Akad.  Bd.  XII. 
1876. — Stndien  liber  tnssile  Sjiongien,  L,  II.,  III..  Ihid.  Bd.  XIII.  1877  ^translated  by  Dallas  in  Annals 
and  .Magazine  of  X'at.  Ili^t.  for  1877.  1878,  1879). — Beitriige  znr  Sy.stem.atik  der  fossileii  Spongien, 
I..  II..  III.:  Neiies  .lahrb.  fiir'Mineral.  1877.  1878,  1879. — (pie/isti’ilt,  F.  A.,  Petrefaetenknnde 
Deiitschlands.  Bd.  V.  1877. — Salhm.  IP.  ./.,  Dnart.  .Jonrn.  Geol.  Soc.  vol.  XXXIII.  1877,  and  XXXVI. 
1880. — Ilindp.  O'.  J.,  Catalogue  of  fossil  Sponges  of  Briti.sh  ilnseum,  London,  1883. — Monograjih  of 
British  fossil  Sponges  ; PalaeontogTa|ihieal  Society.  1887,  1888,  1893. — II.,  Palaeosjrongio- 
logia  : Palaeontographica.  Bil.  .XL.  1893. 

- [In  the  terminology  ]iroposed  by  Rantf  (to/n.  cit.),  inhalent  canals  are  designated  as  epirrhysn, 
.and  e.xhalent  canals  uprirdiysn  : tlie  former  terniin.ate  on  the  ])eri|)hery  in  ostia  (not  to  be  confounded 
with  the  liner  clermal  pores),  while  the  latter  terminate  on  the  cloacal  .surface  in  j>ostica  (again  not 
to  be  confounded  with  gastral  pores).  Postica  are  usually  Larger  than  ostia,  .and  differ  from  them  in 
form  and  arrangement. — Tn.\NS.] 
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system,  but  the  excurrent  canals  terminate  directly  in  small  openings  situated 
on  the  upper  surface  of  the  body.  The  cloaca  udien  present  is  often  of 
considerable  depth,  although  sometimes  shallo^v,  or  reduced  to  a mere  sacdike 
prolongation  of  the  osculum.  Forms  with  a large  and  deep  cloaca  are  regarded 
as  single  individuals,  those  with  numerous  cloacae  and  oscula  as  colonies.  But 
since  all  the  cloacae  of  a colony  communicate  by  means  of  canals,  while  the 
oscula  are  never  surrounded  by  a crown  of  tentacles,  it  is  often  difficult  to 
distinguish  between  large  excurrent  canals  and  true  cloaca,  and  hence  also 
between  individuals  and  colonies. 

Repi’oduction  is  either  sexual  or  asexual.  In  the  first  process  the  fertilised 
ova  complete  a tolerably  regular  segmentation,  develop  into  a gastrula,  pass  out 
through  the  osculum,  and  attach  themselves  to  some  foreign  object.  Asexual 
reproduction  takes  place  l.iy  budding,  the  young  Imds  remaining  attached  to  the 
parent  individual,  and  thus  giving  rise  to  colonies.  Reproduction  liy  means  of 
fission  is  of  rare  occurrence. 

i The  great  majority  of  sponges  secrete  a skeleton  composed  either  of  horny 

fibres  or  of  silicious  or  calcareous  spicules,  or  they  incorporate  foreign  bodies 
into  their  framework.  Only  a few  recent  forms  {Mnj:ospongiae)  are  with- 
out a skeleton.  In  the  horny  sponges  {Ceraiospongiae)  the  skeleton  consists 
of  anastomosing  and  reticulated  fibres  of  spongin,  an  organic  nitrogen  compound 
resembling  silk.  The  fif)res  are  either  solid,  or  they  contain  an  axial  canal, 
Avhich  is  sometimes  cored  with  foreign  bodies,  such  as  sand-grains,  fragments  of 
sponge-spicules,  Foraminifers,  Radiolarians,  etc. 

Silicious  spicules  are  sometimes  encased  in  horny  fibres,  sometimes  occur 
detached  in  the  cellular  tissues,  or  are  interwoven  and  consolidated  with  one 

I another  in  various  ways  to  form  scaffoldings.  In  each  genus  the  skeleton  is 
composed  of  but  a single  form,  or  at  the  most  of  but  a few  regularly  repeated 
varieties  of  silicious  Imclies,  which  are  called  the  skeletal  elements.  In  addition 
to  these  there  occur  more  or  less  abundantly,  especially  on  the  outer  surface 
and  in  the  cloacal  and  canal  walls,  extremely  delicate  flesh-spicules,  usually  of 
small  size  and  of  great  diversity  of  form.  The  ffesh-spicules  are  as  a rule 
destroyed  during  fossilisation.  All  the  silicious  skeletal  elements  are  secreted 
by  nucleated  cells,  and  are  composed  of  concentric  layers  of  colloidal  silica, 
deposited  usually  about  a slender  axial  canal.  In  some  spicules,  notably  those 
having  spherical  or  stellate  contours,  the  axial  canal  is  wanting.  It  is  very 
delicate  in  fresh  spicules,  but  becomes  enlarged  V)y  maceration,  and  in  fossil 
specimens  it  is  often  coarsely  calibrated. 

The  multitudinous  vaideties  of  silicious  skeletal  elements  (Fig.  51)  are 
resolvable  into  a few  fundamental  types,  as  follows  : — 

(ft)  Uniaxial  spicules  or  Monaxons  (Fig.  and  Straight  or 

bent,  smooth,  prickly  or  knotty,  bevelled,  .sharpened  or  truncated  needles,  rods, 
hooks,  clasps,  pins,  and  anchors  {amphkliscs).  They  invariably  contain  an  axial 
canal,  which  may  be  either  entirely  sealed  up,  or  open  at  one  or  at  l>oth  ends. 

{h)  Tetraxial  spicules  or  Tetraxons  (Fig.  5U").  The  normal  form  is 
characterised  by  four  ecpial  rays  intersecting  like  the  bisectrices  of  the  plane 
angles  of  a regular  tetrahedron.  Triaxial  forms  result  from  the  occasional 
abortion  of  one  of  the  rays.  One  of  the  rays  may  become  elongated  or  other- 
wise modified  so  as  to  form  anchors  (triaens)  with  three  simple  or  furcate  liooks 
(Fig.  Three  of  the  rays  may  be  numerously  divided  or  foliately 

expanded  so  as  to  produce  forms  resembling  thumb-tacks  (trichotriaens,  pligllo- 
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triaens) ; atrophy  of  the  fourth  ray  in  the  last-named  form  reduce, s the  spicule 
to  a delicate  silicious  disk  (Fig.  51-**).  A peculiar  forking  of  the  .shaft  gives 
rise  to  candelal)ras  or  umjihitnaens,  while  other  modifications  may  produce 
umhel-like  spicules  (Fig.  51-^),  etc. 

Certain  skeletal  elements  of  the  Lithistids  (Fig.s.  53-G8)  may  he  regarded 
as  irregular  tetraxons  (desmoiiis),  in  which  the  extremities  of  the  four  rays  are 
pi’olonged  in  knotty,  root-like  excrescence.s,  or  in  which,  owing  to  the  un- 


Vuriims  lorm.s  of  spicules  IVom  lln-  Upjjcr  Crciaceous  of  IlaMem,  Westplialia  ; diameters. 

1 — 1>.  Uniaxial  rniisand  iieedlrs.  7 — u,  Uniaxial  silicious  elements  with  coarse  axial  canals.  10—13,  Uniaxial 
cylimlers  and  spheres.  1-1,  Microspine<l  spicule.  15,  Clas]i-hook  Hesh-spicule.  1(>,  llispatulate  tlesh-spicule. 
17.  Ue^^ular  four-rayed  spicule  (chevaux  de  frise).  IS— 21,  Triiid  anchor-shaped  spicule.s.  22—23,  Anchors  with 
furcate  hea<l-rays.  2-1 — 2.'),  Irre^udar  four-rayed  skeletal  elements.  20,  Umbel-shaped  spicule.  27,  .Six-rayed 
spicule.  2>!,  I’olyaxile  silicious  clisc. 

symmetrical  growth,  hranching,  or  atroi)hy  of  one  or  more  of  the  arms,  extremely 
ii  regular  forms  arc  produced  ; for  these  a special  terminology  has  been  devised 
by  Kautf. 

{(•)  1 lexactinelliil  spicules  (Jle.rdrtins  or  Tria.rons)  (Figs.  G9-74).  The  ground- 
form  is  an  axial  cro.ss  with  six  equal  arms  intersecting  at  right  angles  like  the 
a.xes  (jf  a regular  octahedi  on.  Atrophy  of  one  or  more  of  the  rays  may  result 
in  pentaxial,  tetraxial,  triaxial,  or  even  nail-shaped  forms,  without  their  real 
character  becoming  entirely  obliterated.  Ihfurcation  or  other  modifications  of 
a number  or  all  of  the  ravs  i)roduce  those  ex(pii.site  silicious  structures  so 
characteristic  of  tlie  group  Ucxucfinellida,  which  reseml)le  candelabras,  double- 
headed anchors,  fir-trees,  pitch-fork.s,  rosettes,  etc.  The  fusion  of  juxtaposed 
he.xactins  produces  more  or  less  symmetrical  latticeworks  with  cubical  interstices. 

(d)  Anaxile  or  polyaxile  bodies  of  spherical,  cylindrical,  stellate,  or  discoidal 
shape,  which  are  not  (lerival)le  from  either  of  the  three  ground-forms,  occur  in 
only  a few  varieties  of  recent  and  fossil  silicious  .sponges. 

Calriireuiis  .skeletal  elements  are  much  less  complicated,  and  are  generally 
smaller  and  more  jjerishable  than  the  silicious.  Their  form  is  either  triaxial 
{(riods),  tetraxial  (tetruxons),  or  nail-shaped  {inonaxom).  The  triaxial  and 
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tetraxial  spicules  are  very  rarely  forked  or  otheiuvise  modified.  Each  skeletal 
element  behaves  opticalh^  like  a single  calcite  crystal ; axial  canals  are  absent. 

The  skeletal  elements  in  sponges  are  arranged  chiefly  with  reference  to  the 
circulation  of  water  through  the  canal-systems.  In  thin-walled  forms  they  are 
more  or  less  closely  crowded  together,  and  are  often  regularly  oriented  in  the 
soft  parts ; in  other  forms  they  are  encased  in  horny  filu’es,  or  are  packed  in 
between  the  canals  ; in  still  others  they  are  united  to  form  an  irregular  fi'ame- 
work,  or  may  be  soldered  together  in  a regularly  reticulated  scaftblding. 

The  horny  fibres  are  totally  destroyed  during  fossilisation ; calcareous 
spicules  are  often  wholly  or  partially  dissolved,  or  ai'e  replaced  l>y  infiltrating 
lime  carbonate,  and  assume  a dense  fibrous  appearance  {Fharet rones).  In 
silicious  sponges  also  the  skeletal  elements  are  I'arely  preserved  unaltered ; as 
a rule  the  originally  colloidal  silica  becomes  crystalline,  or  is  dissolved  and 
carried  away.  The  cavities  thus  formed  may  suljsecpiently  become  filled  'with 
infiltrating  cpiartz,  limonite,  or  most  commonly  with  carl)onate  of  lime.  In 
this  manner  the  skeletons  of  fossil  silicious  sponges  are  converted  into  calcite, 
and,  contrariwise,  spicules  that  were  originally  calcareous  may  become  silicified. 
Hence  the  distinction  between  silicious  and  calcareous  sponges  in  the  fossil 
state  depends  entirely  upon  morphological  characters,  and  not  at  all  upon  the 
chemical  composition  of  the  preserved  j^arts. 

Sponges  are  divided  into  four  sub-classes  : — Mijxospongiae,  Ceratospongiae, 
Silicispongiae,  and  Calcispongiae.  The  latter  gronp  stands  in  sharp  contrast  to 
the  other  three,  which  are  connected  by  intermediate  fonns,  and  constitute 
together  a group  of  ecpial  value  with  the  calcareous  sponges.  Skeletal  elements 
are  absent  in  the  Mijxospongiae,  whose  bodies  are  composed  entirely  of  soft 
cellular  tissues.  The  Ceratospongiae  also  lack  imperishable  hard  parts,  the 
spongin  fibres  being  entirely  destroyed  during  fossilisation.  The  reputed  horny 
sponges  from  the  Trias  (Iihizocorallum),  Jurassic,  and  Cretaceous  {Spongites, 
Saxonicus,  Pammiidra,  etc.)  are  either  of  inorganic  nature,  or  are  zoologically 
indeterminate.  All  fossil  sponges,  therefore,  belong  either  to  the  Silicispongio e 
or  the  Calcispongiae.  The  oldest  forms  are  founcl  in  the  Cambrian  : in  the 
Trias,  Jurassic,  and  Cretaceous  they  are  very  aliundant. 

Sub-Class  3.  SILICISPONGIAE.  Silicious  Sponges. 

Skeleton  composed  either  exclusively  of  silicious  elements,  or  of  horny  fibres  enclos- 
ing silicious  spicides. 

Order  1.  MONACTINELLIDA.  Zittel. 

{Monaxonia,  F.  E.  Schulze.) 

All  skeletcd  elements  uniaxial. 

The  Monactinellida  include  the  majority  of  existing  marine  sponges,  most  of 
which  occur  at  moderate  depths  ; and  also  the  few  fresh-water  forms  {Spongilla) 
that  are  known.  The  skeleton,  as  a rule,  is  composed  like  that  of  the  horny 
sponges,  of  anastomosing  spongin  fibres,  which  either  encase  rod-like  spicules, 
or  contain  cpiantities  of  uniaxial  silicious  elements ; sometimes  the  latter  are 
also  present  in  the  soft  parts.  In  each  genus  there  are  generally  l‘)ut  one  or 
but  a few  varieties  of  silicious  elements  present,  which  are  uniformly  dis- 
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tril)Uto(l  throughout  tlie  body.  Needles,  hooks,  crotchets,  cylinders,  si)indles, 
amjdiidiscs,  and  the  like  oceur  in  ^n-eat  diversity.  Owing  to  the  decomposition 
of  the  horny  fibres  during  fossilisation,  and  the  fact  that  the  skeletal  elements 
are  never  soldei’ed  together,  the  latter  become  detached  and  strewn  in  all 
directions.  While  iNbmactinellid  spicules  are  very  common  in  certain  forma- 
tions, the}'  are  rarely  united  in  the  form  of  coherent  skeletons,  and  are  only 
capable  of  generic  determination  when  i)ossessing  characteristic  forms  {llenierid, 
Esperki,  etc.)  The  lowermost  meml)ers  of  the  Alpine  Lias  often  contain 
considerable  hornstone,  and  are  sometimes  coni})letely  filled  rvith  rod-shaped 
spicules.  In  various  Cretaceous  and  Tertiary  horizons  also  iMonactinellid 
spicules  are  enormously  abundant,  llinde  has  described  a C'liiii(irospo]u/ia  from 
the  Silurian  of  Tennessee,  in  whicii  the  skeleton  eoirsists  of  spicules  arranged  in 
longitudinal  rows,  and  connected  l)y  transversely  dispo.sed  elements.  The 
spicules  were  i)robal)ly  originally  enclosed  in  horny  fil)res.  The  Clionidae 
secrete  ])in-sha])cd  silicious  elements  wliich  are  also  encased  in  horny  fibres, 
and  by  means  of  which  they  bore  labvrinthic  passages  in  the  .shells  of  mollusks. 
Fossil  .sponge -borings  are  also  c(mimon.  Detached  spicules  of  Jieiiieria, 
.Ixindla,  and  Ila/ilidioii  have  been  descril)cd  by  Iliiide  from  the  English  Car- 
1 loniferous  Limestone. 


Order  2.  TETRACTINELLIDA.  Marshall. 


{Tetmxvnia,  F.  E.  Schulze.) 


Sl'chioti  composed  nf  reepdor  ieicoxons  u'hich  are  generalhi  comhined  with  uni- 
/i.rlal,  jioli/axite,  or  hefn'arilc  silicious  bodies.  The  skeletal  elements  occur  detached 

throughout  the  soft  jiarts,  and  are  never  united  to 
form  a connected  framework. 

The  most  common  forms  of  skeletal  elements 
are  normal  tetraxons,  anchors  with  simple  or 
furcate  j)rong.s,  sphere.s,  and  stellate  bodies.  In 
cei'tain  genera  (Gcodiu)  the  large  anchors  and 
cylinders  are  disjjosed  in  radiately  arranged 
fascicles,  and  are  suriounded  by  a thick  layer  of 
anaxile  s])hcres. 

Detached  Tetractincllid  s])icules  associated 
with  Monactinellids  occur  more  or  less  abundantly 
in  the  Carboniferous  Lime.stone,  the  Alpine  Infra- 
Lias,  the  Finglish  Neocomian,  the  Deister  Sand- 
.stone  (Ilils),  the  Uj)pcr  Cretaceous  of  Ilaldem  and 
Coesfcld  in  ^^T.st2)halia,  and  in  the  Tertiary  and 
Tleistoccne  formations,  d'he  skeletal  elements 
are  preserved  in  their  natural  j)osition  in  the 
Tethgojisis,  Zittel  (Fig.  52);  and  Tachastrella, 


Flc;.  :,-l. 

Tffht/ojmls  Sf,  1 nhiii II II 1 , /Alt.  T’jiper 
C'r»*taccous  ; Ilanovur.  i. 


genera  tJphiraphidites,  Carter 
Schmidt. 


Order  3.  LITHISTIDA.  Schmidt. 

Massire,  thick -watted,  silicious  sponges,  usually  with  compilieated  canal-system. 
Skeleton  comjiosed  of  irregular  tetraxons  or  nwnaxons  (desmorns),  ^vhich  develop}  knotty 
or  root-like  branches  either  at  the  e.ctremitics  or  all  along  the  shaft,  and  are  firrrdy 
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united  hj  zygosis.  Symmetrical,  tetraxicd,  uniaxial,  or  jwlyaxile  dermal  and  flesh- 
spicules  also  present. 

The  Lithisticls  are  closely  related  to  the  Tetractiiiellids,  and,  in  the  opinion 
of  many  zoologists,  constitute  cvith  them  hut  a single  order. 

The  Lithistids  are  peculiarly  ivell  suited  for  preservation,  owing  to  the 
massiA’e,  stony  character  of  their  skeletons ; and  their  remains  occasionally  form 
thick  deposits,  esjiecially  in  the  Jurassic  and  Cretaceous.  Their  outer  configu- 
ration is  extremely  Amriable  ; most  commonly  it  is  howl-shaped,  cup-shaped, 
pyriform,  glohular,  hullious,  or  plate-like ; Avhile  the  body  is  attached  either  l»y 
the  base  or  by  means  of  a peduncle.  The  canal-system  A'ai’ies  greatly  in  different 
genera,  ljut  is  usually  Avell  deA'eloped  and  more  or  less  comjilicated.  The  four- 
rayed  skeletal  elements  are  interlocked  by  means  of  the  root-like  Ijranching  enils 
of  the  rays,  and  the  points  of  intersection  (nodes)  Avith  the  ends  of  adjacent 
uniaxial  spicules  are  thickened  into  balls.  The  uniaxial,  usually  A'ery  irregular 
skeletal  elements  are  interlaced  on  all  sides  by  means  of  root-like  ])rocesses. 

1 Dermal  and  flesh-spicules  are  preserA’ed  only  under  exceptionally  favourable 
conditions,  but  are  invariably  present  in  recent  genera,  and  furnish  valuable 
' systematic  characters.  The  classification  of  fossil  Lithistids  is  based  avIioHa’ 
upon  the  skeletal  elements  and  canal -systems.  Five  principal  groups  are 
recognised,  Avhose  sulxlivision  into  families  need  not  concern  us  at  present ; — 
; Tetradadina,  Eutaxidadina,  Anomodadina,  Megomoriiia,  and  lildzomorina.  Exist- 
I ing  Lithistids  occur  most  abundantly  at  depths  ranging  lietAveen  100  and  400 
metres,  but  are  occasionally  found  as  deejA  as  1800  metres. 

! Sub-Order  A.  TETRACLADINA.  Zittel. 


Skeletal  elements  composed  of  four  usucdly  ecpial  rays,  each  of  uliidi  encloses  an 
axkd  caned,  and  has  extremities  terminating  in  root-like  strands  or  processes;  the 
spicides  are  intertwined 
to  form  an  open  mesh- 
work.  Deemed  spicides 
cither  grapnel  - like  te- 
traxons,  freguently  with 
furcate  prongs,  or  dis- 
coielal  with  entire  or 
lobede  margin ; or  they 
are  nail  - shaped  or 
cylindriced  monaxons. 

The  skeletal  ele- 
ments of  the  Tetrada-  fig.  53. 

dina  are  USUallAi  s\^m-  Anlocopium  ourantium,  Uswalil.  Diluvium;  Sadowitz,  Silesia,  a,  Indi- 
, ■'  vidual  ill  l/o  natural  size  ; 6,  Skeleton  iiiagiiilied  (50  diameters. 

metrical  tetraxons, 

AAdiose  four  smooth,  more  rarely  tuberculate  or  knotty  rays  intei'sect  apiiroxi- 
mately  at  an  angle  of  1091,°.-  They  occur  in  the  Cambrian  and  Silurian, 
are  Amry  scarce  in  the  Upper  Jurassic  (Frotetradis),  Imt  common  in  the 
Cretaceous,  Tertiary,  and  Eecent  periods. 

Aulocopiium,  OsAA-ald  (Fig.  53).  Hemispherical  or  IroAvl-shaped  Avith  short 
peduncle ; inferior  surface  covered  Avith  dense,  Avrinkled,  silicious  skin.  Cloaca 
central ; sponge  body  Avith  numerous  arched  canals  parallel  to  contour  of  peri- 
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pherv,  and  with  finer  radial  canals  leading  from  exterior 


composed  of 


irregular 


smooth -raved  tetraclons  with 


to  cloaca, 
root -like 


Skeleton 

branching 


Flo.  54. 

Collopegnui  Zitt.  8t*iioiiiaii ; Aliltni,  Hanover;  Iiiflivitlual  in  iiatunil  size;  skeleton  nia"- 

nified  -iO/j ; c,  Portion  oi  perii'liery,  -/j  ; (/,  .Same  inagniiieU  -lO/i,  ami  sliowing  anchors  witli  furcate  liead-rays.* 

extremities,  di.sposed  in  rows  jiarallel  to  the  radial  canals.  Occurs  (usually 
replaced  l)y  calcite)  in  the  Ordovician  of  the  Russian  Baltic  Sea  Province.s, 


I hi/in/tfellif  t iihn'ouft^  (^uenst.  si>.  (^uadifitenkrcidc 
(L pprr  Sciionian) ; Limlen,  near  Hanover,  n,  Sponj'e, 
■j  natural  size;  h,  Otiter  suriace,  Vi  ! Skeletal 
element,  -'O/j  ; Spicules  from^talk  portion,  ^Vi* 


Fig.  50. 

Siphonia  tiiUpUy  Zitt.  (ireensand  ; Illackdown. 
A,  Longitudinal  section,  natural  size.  ]>,  Sponge  with 
peduncle  and  root,  natural  size  (after  Sowerby).  • 


Ordo\ician  of  Illinois,  and  Silurian  of  Gottland.  Also  in  erratic  blocks  on  the 
plains  of  Xoi'thern  Germany,  usually  chalcedonised. 

^'Inliaeosciijihid,  Ilinde.  Caml)rian. 

('(illop&iwa,  Zittel  (Fig.  54).  Bowl-  or  funnel-shaped,  short-steniTned,  thick- 
walled.  External  surface  ])erforated  by  smaller,  internal  by  larger  canal-o])enings 
(ostia  and  postica).  Skeleton  composed  of  smooth-rayed  tetraclons,  the  digitate 
e.xtremities  of  which  arc  inflated  into  balls.  Dermal  spicules  in  the  form  of 
anchors  and  rods.  Upper  Cretaceous. 

PhiimuteUa,  Zittel  (Fig.  55).  Ujiper  Cretaceous. 
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Siphonia,  Park.  (Fig.  56).  Fig-,  jiear-,  or  apple-shaped,  with  long  or  short 
peduncle.  Body  with  deep  cloaca,  into  which  arched  canals  running  parallel 
with  the  periphery,  together  with  numerous  fine  radial  canals,  conduct. 
Skeleton  composed  of  smooth-rayed,  liranching  dichotriders.  JJermal  spicules 


Skeletal  element  of  Jerea 
Quenstedti,  Zitt.,  showing 
branching  extremities  of 
rays.  Quadratenkreide  ; 
Linden,  near  Hanover. 


Fig.  50. 

riinthofuJhi.  sijiiamosay  Zitt. 
Skeleton  magnitied  80  diameter.s. 
Senoiiian  ; Ahlten,  Hanover. 


Fig.  57. 

Jerea  pyriformis,  Lamx. 
Greensand  ; Kelheim, 
Bavaria,  i/o  natural  size. 


in  the  form  of  mon- 
axons and  grapnels. 


Abundant  in  Middle 
and  Upper  Cretaceous. 

Hallirhoa,  Lamx. 

Like  the  preceding,  ljut 
invarial  >ly  short  - stem- 
med. Body  pyriform 
and  lobate,  owing  to  a 
number  of  deep  con- 
strictions. Cenomanian. 

Jerea,  Lamx.  (Fig. 

57).  Body  pyriform, 
flask-shaped  or  cylindrical,  with  truncate  or  depressed  summit,  in  Avhich  a 
numlier  of  tulie-like  canals,  vertical  in  the  central  portion  Imt  arched  in  the 
peripheral,  terminate.  Crossing  the  latter  are  finer  radial  canals.  Skeleton 
composed  of  tetraclons  and  dichotriders.  Common  in  IMiddle  and  Copper 
Cretaceous. 


Fig  00. 

Uliagadinia  rimoso.  Roem.  sp.  Senonian  ; Ahlten,  Hanover,  a.  Sponge, 
natural  size  ; 5,  Skeleton,  -i"/]  ; c,  Lobate  disk  from  dermal  layer,  j ; 
d,  Spicule  of  dermal  layer, 


Pohjjerea,  From.,  Astrocladia,  Thecosipthonia,  (Jalpinmatimi,  Zitt.,  Taronia,  Mich., 
Plinthosella,  Zitt.  (Fig.  59).  Cretaceous.  Piscodermiu,  Boc.,  Jlhacodimda,  Zitt., 
etc.  Cretaceous  and  Tertiary. 

Pliftijadima,  Zittel  (Fig.  60).  Ear-,  plate-,  or  boAvl-shaped,  short-stemmed. 
Both  surfaces  traversed  by  irregular  branching  furroAvs,  in  Avhieh  the  canal- 
icular ostia  are  situated.  Skeletal  elements  foiu'-rayed,  sometimes  unifoi'inly 
VOL.  I E 
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or  only  (listally  covered  vitli  tuberculous  knobs,  and  vitli  digitate  extremities. 
Dermal  s])icidcs  in  the  form  of  sixdobed  disks  pro\  ided  with  a short  shaft,  and 
minute,  multihd  tetraclons.  Upper  Cretaceous. 


Sub  Order  E.  EUTAXICLADINA  Eaufif. 

Skelcion  amijiosed  oj  foitr-nnicd  sjiiailes  with  three  eqiKiUy  dereloped  simjde  or 
tiifiireiiie  rays  v:hich  terminate  distally  in  root -like  Jihres ; and  one  fnreshortened, 
injiated  fourth  ray  (ennonwlroti).  Arnd  rainds  jirohabh/  in  all  of  the  rays.  Skeletal 


I’lO.  1)1. 

Ast\ilosp<ni(f\n  ]tnir}norsn.  sje  In  matic  1‘mni  Mffklrnl>nr;:.  t/,  Sponj'c,  iiarlially  cut  into,  natural  size; 

h,  J!>kclfton,  u-'/i  ; t’,  Portion  nl  same  hij^ljly  magnilie»l. 


elements  nirarudily  arranged  in  either  juindlel  or  idternuting  rows,  and  vnited  hy 
~ygosis  into  a netwark  noth  tnangular  nr  irregular  mesher ; sjdndar  nodes  greatly 
injhded. 


Nearly  all  the  ycmeia  are  Silurian  ; a few  (Mastosia,  Lera nclla)  occur  in  the 
Upper  dui-assie. 

Artylusiiangia,  Uoem.  (Fiys.  (il,  ikla).  S])heiical,  with  shallow  de])ression  on 
the  summit ; base  evenly  rouniled,  unattached  ; jnobably  fastened  bv  means  of 


n,  Ui'taclKMl  .skclclal  ol. -1111:111  of  .\.aiilo- 
.•>p07i;nii.  ; h,  l)i-taclii-.l  sk-i-li-tal  i-li-in'ent 

of  H'uuUdy  (after  Itaull ). 


aiiclioniii^  filnHks.  l.ar^e-sizpd  uaiwils  directed 
parallel  to  ])ei  i])hery  in  the  outei’  portion  of  the 
body,  vertical  in  centi'al  ])oi  tions;  besides  these 
are  numerous  tine  radial  canals  Avhich  termin- 
ate in  pores  all  over  the  perij)hery.  Skeletal 
elements  with  four  smooth  elon<^ated  rays,  one 
or  all  of  which  branch  dichiftomously  just 
aliove  the  junction  with  the  shorter  arm. 
S[)icular  nodes  thickened  into  lar^e  knots. 
Ordovician  of  the  Kussian  Baltic  Sea  Pro- 


\ luces,  and  Silurian  of  Sweden  and  North  America  (notably  in  Tennessee), 
usually  ehalcedonised.  .\lso  in  erratics  in  the  Dilm  ium  of  Noi’thern  (Germany. 

Lanyosiiongia,  t 'arjio.'^pongni,  Kauff.  Oi'doxician  and  Silurian;  Phuvijic. 

1‘alaeomanon,  Poem.  {^Istylomanoii,  Paufl).  Like  ^Istylospongia,  but  bowl- 
shajied,  vith  shallower  and  wider  cloacal  depression.  Entire  surface  covered 
with  poi-es.  Silurian;  North  America.  P.  erutera,  Poem. 

Cat yomanon,  Larjiomanon,  liaufl.  Silurian;  North  America. 
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Hindia,  Duncan  (Fig.  62b).  Body  spheiical,  ivith  perfoiate  periphery, 
traces  of  attachment  wanting.  All  canals  radiate  from  the  centre  outward. 
Skeletal  elements  composed  of  three  simple  rays  beset  with  prickly  tuliercles, 
and  a reduced  button-like  fourth  arm.  All  spicules  regularly  disposed  in  rows 
jrarallel  with  radial  canals.  Silurian  ; North  America. 


Sub-Order  C.  ANOMOCLADINA.  Zittel. 

{Luhjmmorina,  Kautf. ) 

Skeletal  elements  composed  of  short,  smooth  nii/s  idfh  sphericalh/  inflated  ends 
u-Jtich  give  off  three,  four,  or  more  simple  or  digitate  brunches;  the  latter  are  united 
by  zygosis  with  p>rocesses  of  adjacent  rays;  a.rial  canals  .simple.  Ikrmal  spicules 
rod-shap>ed  ntona.vons.  Ujiper  Jurassic  and  Eecent. 

Cylindrophyma,  Zitt.  (Fig.  63).  Body  cylindrical,  thick- walled,  attached  ; 
cloaca  wide  and  tube-like,  receiving  numerous  radial  canals,  and  extending 


Fig.  (53. 

Cylindrophyma  miUeporata,  Goldf.  sp.  Upper  Malm  ; Hoclistrass.  A,  Two  imJividnals,  i/*j  natural  .size. 
B,  Skeleton  magnified  30  diameters.  C,  Detached  skeletal  element  of  Cylindrophyma^  (after  Uaufl ). 

down  as  far  as  the  base.  External  surface  jierf orated  by  fine  ostia.  Common 
in  Upper  Jurassic. 

Melonella,  Zitt.  Skeleton  apple-shaped  or  hemispherical,  with  liroad  l)ase, 
or  provided  with  very  short  peduncle ; l>ase  covered  with  wrinkled  silicious 
skin.  Cloaca  deep,  funnel-shaped.  Coarser  canals  arched,  parallel  ivith  pei'i- 
phery  ; finer  incurrent  canals  radially  directed.  Upper  Jurassic.  J/.  radiata_, 
Quenst.  sp. 


Sub-Order  D.  MEGAMORINA.  Zittel. 

(Ithabdornorina,  Rauff. ) 

Usually  large-sized,  elonrjeUed,  smooth,  bent,  lejosely  interlocking,  irregularly  branch- 
ing, or  only  terminally  forked  skeletal  elements  with  simple  axial  canals ; interspersed 
among  ivhich  smedl,  radiciforrn,  numerously  branching  elements  (rhizomorins)  are 
occasiemcdly  present.  Denned  spicides  uniaxicd  or  grapnel -shaped.  Ordo^■ician, 

Silurian,  Carboniferous,  Jurassic,  Cretaceous,  and  Recent. 
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CLASS  I 


OH 


.SWc-co.>;/w«,7w,  Kaurt'.  Silurian.  Me<ialithista,  Z\n.  Ujjper  .Turas.sic ; Xattheini. 
1 )onj(hnn'i,  Zitt.  (Fig.  (j-l^p  Spoiigc-Rody  cylindrical,  simple  or  Rraiichiii 


])yrit'orm  nr  compi'csscd, 
with  the  hodv  axis,  and 


M’ith  a nnmher  of 
immerons  smaller  radial 


larger 


canals 
canals. 


nnmnm 


])arallel 


Skeletal  elements 
lai'ge,  Rent,  and 
di\ided  into  two 
or  more  simple 
hranches.  Dermal 
spicules  in  the 
form  of  three- 
huked  anchors. 
F])pcr  Cretace- 
ous ; Northern 
(Jermany,  Eng- 
land, and  France. 
According  to 
Ilinde,  also  Car- 
honiferous. 

C a rt  er  el  Id, 
Zitt.  Cretaceous. 

Isorhajih  inin, 
Zitt.  Suh-cylin- 

di-ical,  ])cduncnlate,  with  wide  cloaca  leaching  nearly  to  the  Rase.  Skeletal 
elements  huge,  slightly  Rent,  lod-.shaped.  inflated  at  the  ends,  rai-ely  dichoto- 
mously  Inanching.  They  are  as.sociated  in  Rundle.s,  and  so  interlocked  at  their 
extremities  as  to  foi-m  an  open  meshwork.  Cretaceon.s.  I.  fexfa,  Koemer  sp. 


Jhuiiih'i'iiKi  lUchofoiun,  Unpin.  sp.  U[)pRr  (’rctacpous. 

of  sk<‘l«-tal  cU'iiH'iits,  i*'; 


h,  Dfrmal  laypr,  - i . 
several  <liTuial  spieiile 


willi  furcate,  auflior-slia]H*'l  hea<l-rays, 


. Sj)oji^'p,  natural  siz^; 
il,  Skeletal  element  and 


Sub  Order  E.  RHIZOMORINA.  Zittel 

Slrlrfiil  r/eiid'/ils  simill,  niuijiosed  of  foitr  or  of  three  jiriiirijial  rm/s,  or  sinij/Ie  and 
irreijiihir,  ii-ifli  iunnerun.<  iirdjectiiKi  sjiines  or  Idberclei  ; axial  canal  diiiple  or  hranchiiKj. 
Ihraial  sjaniles  woiri.roi/s,  tetraxoa^,  or  siiailar  to  those  of  the  skeleton.  Chiefly 
■ lur  assic,  Cretacenus,  and  Kecent. 

Nijiteretla.  Ilinde.  CamRrian. 

( 'iieinidiastriiar  Zitt.  (I  'nemidiinn,  ]).  p.  Coldf.),  (Fig.  (io).  TnrRinate  or  Rowl- 
shaped,  with  deep  cloaca.  Malls  thick,  ])eifoi'ated  Ry  ?nnnerons  I’adial  canals 
deposed  in  tiers  one  over  another,  thus  forming  vertical  fissures  which  often 
• livide  toward  the  exterior.  Skeletal  elements  irregularly  Rranching,  entirely 
Reset  with  lilunt,  spiny  pioces.ses.  ARundant  in  the  L'pi)er  Jui-a.ssic  Spongiten- 
kalk  of  South  dermanx',  the  skeletons  Reing  almost  iinaiiaRly  rej)laced  Ry 
ealeite.  ( mindosinn.  Coldf.  According  to  Ilinde  also  ])resent  in  the 
CarRonifei’ous  Lime.'^tone  of  Ireland. 

Ifi/idntrofios.  Zitt.  iiowl-,  plat(“-,  or  funnel -sha])ed,  with  short  peduncle. 
Depression  in  summit  perforated  Ry  the  ostia  of  numerous  short  canals.  Flx- 
tei'iial  surface  finely  ])ei'forate,  or  cc)^•ere(l  Ry  a smooth  oi’  wrinkled  dermal  layei'. 
Skeletal  elements  irregular,  withmmierous  hranches  Reset  with  jaunts.  Rut  with  few 
s])ines.  ^ eiy  aRundant  in  Ui)])er  Jurassic  Sjanigitenkalk.  ][.  jiatella,  (.dAdi.  sp. 

I'lati/rlaniia,  Zitt.  Leaf-  or  car-shaped,  irregulai'ly  undulating,  covered  on 
Roth  suifaces  with  fine  jmre.s.  Skeletal  elements  re.semRling  tho.se  of  Ilijalo- 
tra/jos.  L ])j)cr  Jurassic.  F.  raejans,  Quenst.  sj). 
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Jereica,  Zitt.  (Fig.  66).  Sponge  cylindrical,  turliinate,  jiyrifonn.  or  clnli- 
shaped,  ivith  .short  peduncle.  Summit  truncated  or  with  shallow  dejiression. 
perforated  by  the  postica  of  vertical  excurrent  canals.  Exterior  perforated  Ijy 


Cnemidiastnim  steUntnm,  Goltlf.  sp.  Upppr  .Juras.sic  Spongitm- 
kalk  ; Hossingen,  Wui-ttemberg.  a Sponge.  1 '.i  natural  size  ; 6,  Ver- 
tical tangential  section,  showing  radial  canals  in  vertical  clefts  ; 
c,  .Skeletal  elements, 


Fig.  Ou. 

Skeleton  of  Jtreka  'pohislnun' . 
Roein.  sp.  Upper  Cretaceous:  Alilten, 
Hanover.  6<i 


ostia  of  the  finer  radial  incurrent  canals.  Skeletal  elements  root-like,  bent, 
irregularly  branching,  with  numerous  short  lateral  processes.  Up]ier  Cretaceous. 
./.  poJustorna,  Eoem.  sp.  ; J.  pundata,  C4oldf.  sp. 

Chcnendopnra.  Lamx.  (Fig.  67).  Cohlet-.  funnel-,  or  Viowl- shaped,  with 


Fig.  67. 

CJienendotjiimfungiformis.  Lamx.  Senonian; 
Chatellerault,  Touraiue.  1/3  natui-al  size. 


Fig.  6S. 

VerrucuUna  aiiri/onnU,  Roem.  sp.  Quadraten- 
kreide  ; Linden,  near  Hanover,  -i-t  natural  .size. 


peduncle.  Cloaca  deep,  perforated  by  postica  of  fine  canals.  Skeletal 
elements  numerously  branched,  and  containing  branching  axial  canal.  Upper 
Cretaceous. 

I erruculina,  Zitt.  (Fig.  68).  Foliate-,  funnel-,  ear-,  or  bowl-shaped,  short- 
stemmed or  sessile.  Ostia  on  the  upper  surface  surrounded  Ity  slight,  collar-like 
elevations.  Middle  (Gault)  and  Upper  Cretaceous. 
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CLASS  I 


AiiiphlthrHuii,  Zitt.  Like  tlie  preceding,  Rut  with  Roth  ostia  and  postica 
terminating  in  l)osses.  Cretaceous. 

Other  genera  ; Sa/talia,  Cuelocori/phn,  Stcchi/spojKjia,  Pachinion,  SeUscothon,  Zitt. 
etc.,  in  the  Middle  and  Upper  Cretaceous. 

Order  4.  HEXACTINELLIDA.  O.  Schmidt. 

(Triaxonia,  F.  E.  Schulze.) 

Siliciou.i  sponges  with  six-rayed  skeletal  elements,  the  rays  heing  normally  disposed 
ill  three  axes  intersetting  at  right  angles,  and  containing  axial  canals;  elements  either 
detached  or  fused  together  so  as  to  form  a lattice-like  mesh.  Jkrmal  and  flesh  spicules 
exceedingly  variaUc  in  form,  hut  inrariahly  six-rayed. 

Xe.xt  to  the  Lithisfida,  the  JIe.rartineUida  are  the  most  aRundant  of  the  fossil 
silicious  s])onges.  They  are  e.xtraordinarily  variaRle  in  form,  and  are  often 
anchored  Ry  a tuft  or  ‘Aope  ” of  hmg,  slender,  gla.ssy  fiRre.s,  or  are  attached 
directly  Ry  the  Rase.  The  walls  are  thin,  as  a rule,  and  enclose  usually  a wide 
cloaca  ; the  canal-system  is  consequently  much  simj)ler  than  in  the  Lithistida, 
1 icing  made  up  merely  of  short  tuRes  which  jjcnetrate  the  walls  more  or  less 
fleeply  on  Roth  sides,  and  generally  end  Rlindl\L  Sometimes  the  sponge  is 
entirely  composed  of  thin-walled  tidies  which  twine  aliout  one  anothei'  irregularly 
and  produce  a system  of  lacunar  interstices  (intercanals)  of  greater  or  lesser  size. 

The  .skeletal  elements  proper  are  distinguished  Ry  their  comsideraRly  larger 
size  and  uniform  tyjie  of  .sti'ucture,  from  the  usually  minute,  astonishingly 
variaRle  and  ilelicate  Hesh-spicules  ; the  latter,  unfortunately,  are  very  seldom 
preserved  in  the  fo.ssil  state.  The  skeletal  elements  occur  detached  in  the  .soft 
parts  in  the  Lyssacina  grou]),  or  they  are  Rut  partially  or  iri'ogularly  cemented 
together;  in  the  llirtyonina  gronj),  on  the  other  hand,  the  skeletal  elements  are 
regularly  united  in  such  mannei’  that  the  rays  of  ])ro.ximate  elements  are  all 
chisely  apjilied  against  one  another,  and  ai  e surrounded  Ry  a continuous  .silicious 
envelojie.  In  this  way  a moi'e  or  less  .synunetrical  lattice-work  with  cuRical 
meshes  is  jjroduced,  in  which,  however,  the  fusion  of  ju.xtapo.sed  elements  is 
indicated  Ry  the  fact  that  each  ray  contains  two  distinctl}'  separated  a.xial 
canals.  The  junction  of  the  rays  at  the  central  node  of  each  element  is  usually 
intiated.  Rut  is  sometimes  sculjitured  in  such  manner  as  to  enclo.se  a hollow 
octahedron  (lantern  node.s,  lychiusks).  The  exterior  of  the  skeleton  is  often 
covered  Ry  a dermal  layer  composed  of  irregular  hexactiii.s,  in  which  the  externally 
directed  ray  has  Recome  atrojihied  ; or  a dense  silicious  envelo])e  is  secreted,  in 
which  stellate  hexactins  with  reduced  outwardly  and  inwai’dly  directed  rays 
(stauractins)  are  cndieddeil  in  greater  or  lesser  jirofu.sion. 

The  Hexartinellida  of  the  present  day  are  di.striliuted  chiefly  over  the  greater 
dejiths  of  the  ocean  Reyoml  the  hundred  fathom  line  (200  to  .3000  fathoms). 
They  occur  fossil  [iiincipally  in  <leep-sea  dejxisits,  and  make  their  first  appear- 
ance in  the  CamRrian  ; their  period  of  greatest  development  falls  in  .Juras.sic 
and  Cretaceous  time. 


Sub-Order  A.  LYSSACINA.  Zittel. 

Skeletal  elements  either  entirety  de1ach'>d,  or  only  partially  and  in  an  irregular 
fashion  cemented  together.  Jtoot-tuft  often  present. 
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The  Lyssacina  are  poorly  adapted  for  preservation  in  the  fossil  state,  since 
the  skeletal  elements  are  but  rarely  cemented  together  to  form  a connected 
frameAvork,  and  the  flesh-spicnles  are  invariably  destroyed.  XotAvithstanding, 
complete  sponges  composed  of  large-sized,  detached  hexactins,  have  lieen  found 
in  Palaeozoic  formations,  and  also  in  the  Upper  Jurassic  of  Streitlierg;  and, 
indeed,  the  oldest  sponges  that  can  lie  determined  Avith  certainty  all  belong  to 
the  Li/sscuina. 

Family  1.  Protospongidae.  Hinde. 

Thin-inilled,  sac,  tube-like,  or  sjoJierical  sponges,  u'ith  iculls  composed  of  a single 
layer  of  cruciform  tefraxial  spicules  (stauradins),  so  arranged  as  to  form  cpiadrate 
and  subquadrate  meshes.  Elements  non-fasciculate.  The  reticulation  formed  by  the 
larger  elements  is  divided  into  secondary  squares  by  smaller  spicules,  so  that  the  rnesli- 
work  is  constituted  of  several  series  of  squares.  Cambi'ian  and  OrdoA’ician. 

To  this  family  belong  the  genera  Protospongia,  Salter,  and  Phormosella,  Hinde. 

Family  2.  Dictyospongidae.  Hall. 

Usually  large,  funnel-shaped,  cylindrical,  or  qjrismatic  sponges,  whose  thin  walls 
are  frequently  diversified  by  ridges  and  prominences.  Skeletal  frameicork  very  regular, 
and  composed  of  larger  and  smaller  quadrate  meshes  situated  one  vnthin  the  other. 
Framework  foi'med.  by  bundles  of  slender  sq.nndes.  Ordovician  to  Devonian. 
Chiefly  in  DeAmnian  of  North  America  and  Europe. 

Dktyopihyton,  Uphantaenia,  Hall,  and  Hydnoceras,  Conrad,  occur  nsnally  in  the 
form  of  Avell-preserAmd  moulds  in  Devonian  sandstones  and  slate  ; the  silicions 
spicules  are  totally  destroyed. 

Family  3.  Plectospongidae.  Eautf. 

Thin-walled  tubes  icith  skeleton,  composed  of  a regular  framework  made  up  of  an 
ascending  and  approximately  ring-like  series  of  spicules;  the  latter  form  rectangular 
to  quadrate,  hut  not  very  symmetrical  rneshes.  Spicular  rays  fasciculate.  Ordovician 
and  Silurian. 

Cyathophycus,Vkalcott;  Pcdueosaccus,  Acanthodictya,  Hinde;  Ordovician.  Plec- 
toderma,  Hinde ; Silurian. 

Genera  incertae  sedis. 

Patter.sonia,  Miller  {Strobilospongia,  Beecher).  In  form  of  large  liotryoidal 
clumps.  Brachiosjjongia,  Marsh.  Vase-like  sponges  AA’ith  broad  inferior  margin 
jirolonged  into  a numlier  of  holloAv  arms ; Ordovician  of  North  Ameirca. 
These,  together  Avith  Ampihispongia,  Salter,  and  Astroconia,  Sollas,  from  the 
Silurian  of  England,  represent  extinct  families  of  the  Lyssacina. 

Pyritonema,  M‘Coy  {Acestra,  Koem.)  Fascicles  of  long,  stout  spicules,  sup- 
posed to  1)6  root-tufts.  Silurian. 

Hyalostelia,  Zitt.  {Acanthosqwngia,  Young).  Skeletal  elements  relatively  large, 
in  the  form  of  regular  hexactins  and  stellate  bodies  Avith  reduced  A’ertical  ray, 
and  Avith  inflated  nodes.  Boot-tuft  composed  of  elongated,  slightly  bent  fibres, 
sometimes  tenninating  in  four  recui'A'ed  I'ays.  Camlnian  t<i  LoAver  Cai'bon- 
iferous  ; Great  Britain. 

Holasterella,  Carter,  Spiractinella  (Fig.  69),  and  Acanthactinella,  Hinde,  are 
allied  genera  occurring  in  the  Carboniferous  Limestone  of  Great  Britain. 
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2 JioIiiifttfireUa,  Hiiido  (Fig.  70),  from  the  Carlioiiit'erous,  lias  thin  walls  com- 
posed of  a layer  of  rohnst,  irregularly  amalgamated  hexactins.  As  a laile,  tivo 
of  the  rays  lying  in  the  same  jilane  divide  dichotomously  from  the  nodes 
outward,  so  as  to  jiroduce  a six-arnnal  instead  of  a four-armeil  cross.  In 
.Isterndindln,  Hinde  (Fig. 

71 ),  all  of  the  rays  lying 
in  the  .same  plane  di\-ide 
in  two  or  more  hranches, 
thus  giving  rise  to  manv- 
rayed,  extremely  diverse, 
stellate,  and  corolla-like 
bodies.  Cai’lioniferous  : 

Ayrshire. 

^■Idmeusjxnuiia,  Koem.  I'ri..  m. 

(Fig.  7 2).  Thick-walled.  ThnUn.sknUn  rmirilly. 

' 1111  rarhonitVrous 

depressed,  l)OWl  - sliajied,  Linu-Stone  ; Dairy,  Ayr- 

sliiiv.  Dt'nnal  ]av*T  willi 

uppei  surface  concave.  i st<.ih.u  s,,iriii,.s, 

lower  convex.  Ai  ithont  -’/‘i  (ai'tiT  niTi.ic). 


Sp! rof'd npJhf  Cart»T 

sj>.  ( 'arlxmiCi'rous  Iaiih-sIoiih  : 
Sli;;o,  Irclaiifl.  .1,  Xurnial  1if‘X- 
actin.  /;.  H«-.\aclin  wiili  fbrkc.l 

'Vj  Oil’ter  Iliiul**''. 


A f C I'ff  r t ! /f  I' I Id  f .1  pa  n > a, 
Iliinlr*.  rarliftiiifi'rons  Linn*- 
stoin-  : Dal  i\v.  A > rsh  i n*. 

Ski-k'tal  f'lfhH'iit.  -j  I (aflrr 
iliiKlf). 


I’lu.  72 

J.vDYtco.«j/»o/tr/»Vr  mcniscun,  Hniiil). 
Silnriaii ; Tpimos.'^fM',  A,  Sprjji;;^,  in 
-’.j  natural  size.  Ji,  Lppnr 
surface  f»f  saim*. 


tidccs  of  atlaeliiiHMit.  Skel(*tou  cfoiiposed  of  relativclv  hoino^cneous, 

uncemented  crucitorm  s]ncu]es  ; six  of  the  rays  ai’e  di.sjiosed  in  the  same  jilane, 
while  the  two  rays  jirojecteil  at  riglit  angles  to  the.se  are  reduced  to  short, 
hutton-like  ])rominences.  Common  in  Silurian  of  Tennes.see  and  Devonian  of 
the  Fifel. 

Accoi'dfng  to  Ilinde,  TholvideirlJa  and  .IstemrfincUa  constitute  a distinct 
ordei'  {l[i'tt>iiirfiiielhil(ic)_  while  AdmeosijiniKi'Kt  is  made  the  t_v])e  of  the  oi'dtu’ 
Or/iictiiir/lidfU'.  ] should  prefei-,  however,  to  regard  these  two  gi’oups  as 
aheirant  He.xactinellids,  in  which  su])ernumerary  iviys  are  ])roduced  hy 
branching. 

Sub  Order  B.  DICTYONINA.  Zittel. 


S/.rlf'la/  cciiicidcil  1o  form  o coofiinions  f rumeKork  in  such  a waij  tfmt 

ciciijono  of  II  fii'XiicfiH  is  ojipfirif  fo  tfie  rorresiioiidiiiri  nnu  of  an  (o/jamif  spiriile, 
aniJ  hotfi  ivi/s  hecoiiii;  envdoped  in  a I'onrtiion  dUriovs  ivreriiif/.  Hoof-tnff  alisnif. 

J ho  Jlicli/oiiina  are  probably  descendants  of  the  L)/ssnrina  (possibly  from 
Profospoiir/io-  and  JHiii/ojifii/fon-Ukc  fonns).  They  appear  first  in  the  Trias,  and 
play  a ])rominent  role  as  rock-lmilders  in  the  Juras.sic  and  Cretaceous.  Their 
lattice-like  skeletons^are  freijuently  loplaced  l)y  calcite,  or  are  dis, solved  away 
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and  merely  indicated  by  cavities.  The  more  important  fo.ssil  forms  are  divided 
into  the  followinc;  families. 

O 


Family  1.  Craticularidae.  Rantf.  (Eurctidae,  p.  p.,  Zittel  non  Schulze.) 


Cup-shaped,  ajlindriad,  hm aching,  or  flattened  sponges.  Spiculur  nodes  solid. 
External  surface  without  distinct  denned  lager,  hut  protected  hg  a thicheninc/  of  the 
outer  skeletal  lager, and 
occasioncdlg  covered 
with  a delicate  weh  of 
cemented  spicules. 

Canals  simple,  hlindlg 
termineding  in  the 
skeleton.  Jurassic. 

Trernad  ictgon, 

Zitt.  (Fig.  7.3).  Cup-, 
plate  - shaped,  or 
cylindi'ical,with  wide 
cloaca.  Canal-open- 
ings on  Ijoth  .sides 
in  alternating  rows. 

Base  nodular ; ex- 
terior veiled  over 
with  delicate  net- 


Avork  of  amalgamated 
hexactins,  extending 
ei'en  across  canal  pores 


Fig.  73. 

Tmna.dictyon  retievlatinn,  GoMf.  sp.  Upper  Jurassic  : Streitberg,  Franconia. 
ft,  Sponge,  -,'5  natural  size;  h.  Enlarged  iiortion  of  outer  surface  witliout  dermal 
layer;  c,  Portion  Avith  ■well-preserved  dermal  layer,  ^ i : d,  Skeleton,  i-  i. 


Skeletal  framework  ivith  more  or  less  irregular 
cidhcal  meshes.  Yen’  common  in 


a h 


Fig.  74. 

Craticularia  petradoxa,  Mnstr.  sp.  Upper  Jurassic  : 
Muggendorf,  Franconia,  a.  Sponge,  1/3  natural  size ; 
h,  Latticed  skeleton,  ; c,  Thickened  dermal  layer. 

Sphena^dax,  Zitt.,  Verrucocoelia , Etall, 


Uiiper  J urassic. 

Craticularia,  Zitt.  (Fig.  74).  Funnel- 
shaped.  cylindrical,  or  flattened ; simple, 
or  branching.  Canal-openings  on  both 
surfaces  either  round  or  elliptical,  and 
regularly  distributed  in  vertical  and 
horizontal  roivs.  Canals  short,  ending 
blind.  Jurassic,  Cretaceous,  and 
Miocene. 

Sporadopgle,  Zitt.  Cup-  to  funnel- 
shaped  or  conical,  occasionally  liranch- 
ing.  Canal-openings  on  outer  surface 
irregularly  distributed,  or  arranged  in 
rpiincunx;  on  cloacal  surface  in  vertical 
roAvs.  Upper  Jurassic.  6'.  ohligua. 
Goldf.  sp. 
etc.  Jurassic. 


Family  2.  Coscinoporidae.  Zittel. 

Calgcoid,  beaker-like,  lohate,  branching,  or  stellatelg  convoluted  sponges,  with  thin 
walls  perforated  on  both  sides  bg  numerous  canal-openings  arranged  in  alternating 
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openings 
alternating  rows. 


rou'S  : amnh  short,  ending  blind.  Framework  compart,  with  Jine  meshes;  dermal 

hufer  replaced  Inj  thicken- 
ing of  outermost  skeletal 
lager.  Spicular  nodes  solid, 
more  rarely  perforate. 
Cretaceous. 

Leptophragma,  Zitt. 
Beaker-shaped,  with  root- 
like attachment.  Walls 
c thin,  covered  on  both 

sides  with  small  canal- 
d in 
p i V.  „ l\Iesh- 
work  very  closely  woven, 
spicular  nodes  solid. 
-Middle  and  Upper  Cre- 
taceous. 

Pleurostoma,  Boem., 
(htettardia,  Mich.  Cre- 
taceous. 

Co.scinopora,  Goldf. 
Ostia  .small,  round,  and  in 
elements  in  part  with  jierforated  intersection  nodes. 
Kont  consisting  of  long  silicious  hlires.  Dermal  hu'cr  formed  hy  thickening 
and  fusion  of  outermost  he.xactins.  Cretaceous. 


Coscinopuro 
WHstjiliulia.  ( 
natural  size ; r 


Fk;.  75. 

infundihuHfomiU,  (loMf.  Upper  Cretaceous;  CoesfeM, 
, Complete  individual,  i/o  natuud  size;  6,  Outer  surface, 
Same,  j ; d,  Skeleton  of  cup,  l-;'j  ; c,  Skeleton  of  root, 


(Fig.  T.o).  Beaker-like,  with  hranching  roots, 
alternating  rows.  Skeleta 


Family  .3.  Staurodermidae.  Zittel. 


1 up-shaped,  funnel-shaped,  or  cylindrical,  more  rarely  branching  or  in  clumps, 
ia  and  postica  irregularly  distributed,  or  in  alternating  rows.  Skeletal  framework 


( tstia 

more  or  less  regular;  intersection 
nodes  thick  or  octahedralhi  e.cca rated. 

The  outer,  or  both  surfaces  of  the 
widl  prorided  'idth  large,  stellate 
spicules  {.dauractins),  which  differ 
from  those  of  the  rest  (f  the  skeleton, 
anil  are  either  but  loosely  cemented 
tugethi-r,  (O'  are  endiedded  in  a con- 
tinuous silicious  skin.  Jurassic  and 
Cretaceous. 

t V/W//A,  Zitt.  (Fig.  70).  Top- 
sha])ed,  howl-shaped,  or  hranching, 
without  root.  Canals  irregu- 
larly distrihuted,  crooked,  and 
hranched.  Lattice  skelctf)n  with 
irregular  meshes,  intersection 
nodes  ])crforatefl.  Dermal  layer 
emhedded  in  a thin,  continuous,  or  2)erforated  skin. 
J urassic  Spongitenkalk. 


Fig.  to. 

CypcUia  rvyonfi.,  Goldf.  sp.  Ui>per  Jurassic;  Streitbers, 
Franconia,  e,  Sitonge,  i/o  natural  size;  h,  c,  Dermal  layer,  i-/i. 

composed  of  large,  four-rayed  stauractins 
^'ery  common  in  Upper 
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Staumierma,  Zitt.  Funnel-shajied  or  plate-like,  ivitli  broad 
cloaca,  into  Avhich  the  large,  round  postica  of  short  canals  open 
outer  surfaces  provided  with  dermal  layer,  in  which  stellate 
bedded  with  reduced  externally 
and  internallv  directed  rays. 

Upper  Jurassic. 

Casearia,  Quenst.  Cylin- 
drical, with  numerous  annular 
constrictions.  Cloaca  deep, 
tubiform  ; dermal  layer  re- 
latively thick,  and  made  up 
of  cemented  stellate  spicules. 

Upper  Jurassic.  C.  articulatn, 

Goldf.  sp. 

Porospongia,(XOv\).  (Fig.  77). 

Compressed  and  expanded, 
more  rarely  bulbous  or  cylin- 
drical. Superior  surface  pitted 
with  large  exhalent  apertures 
of  short,  I Jindly  terminating  cloacae,  and 
perforate  silicious  skin,  in 
embedded.  Lattice  skeleton  with  culhcal 
f orate.  Upper  Jurassic. 


and  shallow 
Inner  and 
spicules  are  em- 


Fig.  77. 

Porospongia  impressa.,  Goldf.  .sp.  Upper  Jurassic;  Muggeiulorf, 
Franconia.  Fragment  in  natural  size;  h,  Dermal  layer,  6/j ; 
c,  Skeleton,  i-/i. 


covered  over  with  a dense  or  finely 

hexactins  are 
meshes  ; intersection  nodes  iniper- 


which  cruciform  spicules  and  regular 


Family  4.  Ventriculitidae.  Toulmin  Smith. 


JFall  intricately  convoluted ; folds  radially  disposed,  (lenerally  vertical  in  direc- 
tion. Badial  canals  ending  blind.  Longitudinal  furrows  develcgieil  along  folds  of 
the  wall,  and  either  open,  or  partially  covered  ,, 


Ve))fricuUtesstriatus, Smith.  Quadratenkreide ; 
PacJiyteichisnmCarteri,Zitt.  Upper  Jurassic;  Hohenpdlz,  Linden,  near  Hanover,  a,  Sponge,  i/o  natural 
Franconia,  a,  Sponge,  i/o  natural  size  ; h,  Skeleton,  i-/i.  size  ; h,  Transverse  section,  V]  J G Skeleton,  ^-/j. 


gated  silicious  fibres  united  by  transverse  bridges  and  without  axial  canals.  Jurassic 
and  Cretaceous. 

Pachyteichisma,  Zitt.  (Fig.  78).  Turbinate  or  bowl-shaped,  with  very  thick, 


COE  LEXTER  ATA—SPOXGIAE  class  i 

com  oluted  wall,  iokls  separated  on  outer  surface  Ly  deeply  incised  furrows, 
on  inner  surface  Ly  shalhjw  furrows.  Franie'work  e.xtrenielv  regular.  Koot 
and  dei'iual  layer  al)sent.  Up])or  Jurassic. 

J enf)  iailifes,  i\[ant.  (liy.  79).  Bowl-,  plate-,  l)eakcr-,  funnel-sha])ed,  or 
c\lindiical,  with  wide  cloaca.  all  thin,  convoluted  ; folds  separated  on  both 
sides  l)y  closely  crowded  longitudinal  furrow.s.  Lattice-work  of  skeleton  more 
01  less  regular  ; outer  layer  thickened ; roots  present.  Common  in  ^Middle 
and  Upjier  Cretaceous. 

Schkorhnhdns,  Jlhi:op<itcrion,  PoJjiUasthUum,  Zitt.  ; Sjwirubscitna,  Bomel  ; Lejd- 
dosjionr/iu,  Boeni.,  etc.  Cretaceous. 


Family  5.  Coeloptychidae.  Zittel. 

I iiihel-  dr  Jinishrodm-.diajied,  tcifJi  sfuJk.  IVnll  thin,  deephi  folded.  Convohifions 
I ttdii.dl //  (d  I ii nged,  hei'owiiifi  J )i rcdfc  foward  perijihcni  of  ondiel,  mid  eTjioxed  on  lower 


riirjiio'.  Margiiod  and  upper  svrfuce  enveloped  wdh  porous  dermal  layer  enfirehi 
rorering  the  folds.  Ostia  only  on  under  side  of  umhel,  situated  on  hacks  of  the  folds. 
Frameu-ork  very  regular;  intersection  nodes  octahedral,  perforated;  rays  of  hexactins 
provided  v:ith  slender,  thorny  processes. 

Coeloptychiurn,  Coldf.  (I'iy.  80),  occurring  in  the  Lpjier  Cretaceous  of 
Northern  Ceiniany,  England,  and  Southern  Bii.s.sia,  is  the  solitary  genus. 


I-'lG.  SO. 

I'o  'niili/rhlinii  (tiinricniiks,  OoMf.  Upper  (.'retjiceou.s  : Vonlorf,  Dear  I'raunscliweie-.  .-I,  Top  view.  IS,  Pro- 
lile.  1 Under  Mirl'ace,  iiatnral  .size.  /^,  Skideton,  c oj 


ORDER  IV 


SILICISPOXGIAE— HEXACTIXELLIDA 


61 


Family  6.  Maeandrospongidae.  Zittel. 

Sponge  hochj  consisting  of  thin-walled,  intricatehj  lalnjrinthine,  and  partially 
amalgamated  tubes  or  foliae,  which  form  tuberous,  pyriform,  beaher-shaped,  or  bush- 
like branching  stocks.  Be- 
tween the  tubes  are  cavities 
and  interstices  of  consider- 
able size,  which  constitute 
the  so-called  intercanalicu- 
lar  system.  Four  canals 
fai n tly d e veloped.  Dermal 
layer  absent,  or  represented 
by  a continuous  silicious 
superficial  skin.  Abun- 
dant in  the  Cretaceous, 
and  also  represented 
l)y  nnmerons  recent 
genera. 

Flocoscyphia,  Kenss.  (Fig.  81).  Clnmp-like  or  Imbjons  stocks  consisting  of 
labyrinthic,  anastomosing  tubes  or  foliae.  Walls  of  tubes  thin,  ])erforated  liy 
nnmerons  small  ostia.  Latticed  skeleton,  intersection  nodes  solid  or  perforate. 
Cretaceous. 

Becksia,  Schliiter  (Fig.  82).  The  thin  walls  of  the  shallow,  beaker-like 
sponge  are  composed  of  vertical  tidies  having  a radial  disposition  and  fused  with 

one  another  along 
the  sides.  Between 
the  tnl)es  are  large 
interstices ; near  the 
l)ase  the  tidies  de- 
velop hollow,  spinous 
processes.  Lattice 
skeleton  very  regu- 
lar, exactly  similar 
to  Coeloptychiinn. 
Upper  Cretaceous  ; 
Westphalia. 

Tre  rn  a hoi  it  es, 
Zitt.  ; Etheridgia, 
Tate ; Zittelisjioiigia, 
Sinzoff,  etc.  Upper 
Cretaceous. 

Camerospongia, 
d’Orli.  (Fig.  83). 
liody  enveloped  liy 

smooth  silicious  skin,  and  ivith  large  circular  depression  on  the  summit ; lower 
half  marked  liy  undulating  ridges  and  furrows,  and  passing  gradually  into  a 
stem.  Interior  of  sponge  liody  consists  of  thin-walled,  laliju'inthous  tubes. 
L'pper  Cretaceous. 

Cystispongia,  Eoem.  (Fig.  81).  Like  the  preceding,  lint  with  dense  silicious 


li 


Fig.  S2. 


Becksia  Sokclandiy  Schliit.  Quadrateiikreide ; CoBfifeld,  Westphalia.  J,  Sponge 
body,  i/o  natural  size  ; o,  Ostia  of  radial  canals  ; Hollow,  root-like  |irocesses  of 
Avail.  B,  Skeleton, 

Globular,  sidi-gloliular,  or  pyriform.  Upper  half  of  the 


a 


Fig.  si. 


Plocoscyphia  pertusa,  Gein.  Greensand  (Cenomanian);  BanoAvitz,  Hungary. 
«,  Fragment  in  natural  size  ; h,  Dermal  layer,  five  times  enlarged  ; c,  ^Skeleton 
of  interior,  I-/2 ; <?,  Outward  portion  of  skeleton,  i-/p. 
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skill  jiuncturcd  liy  large,  irregularly  shaped  apertures,  uuiforml\"  envelojiing  the 


Fig.  S3. 


Fig.  84. 


Cfnntrn.<jtoiuit<t  /un(fi/oTmi.s. 
GoMf,  s]).  Flihier ; Opprln, 
Silesia.  Natural  size. 


( Hst(Sfin)ufl(i  bursn,  Queiisl,  C’u vieri*PI:iiMT  (Turouiaji) ; 8alz- 
;:itter,  Hanover,  o,  natural  size;  />,  Dermal  layer  with 

underlying  skeletal  framework;  c,  Skeletrtn,  i-F 


whole  sponge  hod}'.  Jiody  composed  entirely  of  tulies.  Cretaceous  and  still 
li\ing. 


Sub-Class  4.  CALCISPONGIAE.  ('alcareous  .Sponges. 

Sb'letoa  couipuml  cf  cnknmniti  sjiicnlrs  of  t]nre-nijinl,  foiir-rajic(l,  or  iniia.rial  hjjm. 

The  e.vternal  form  of  the  Calcisponges  is  ipiite  as  vai'ialile  as  that  of  the 
silicious  sjionges,  and  i-eminds  one  particularly  of  the  Lifliisfida.  J.ike  the 
Lithistids,  too,  the  thick-walled  L,>'in‘oitrs  and  I'lm rrt roiirs  have  a canal-svstem 
consisting  of  a central  ea\ity  into  which  radial  e.vcurreiit 
canals  conduct ; while  the  numerous  trilaitarii’S  of  the  latter 
end  in  eiliatcal  chamhers  which  are  fed  hv  fine  incurrent 
canals.  In  the  Siiroiics  the  wall  is  jierforated  hy  simjile 
radial  tuhes,  hut  in  the  thin-walled  ^Iscoiies  it  is  pierced  hy 
men*  hoh's. 

1 he  calcareous  skeletal  elements  lie  free  in  tin*  soft  parts, 
sometimes  forming  hut  a single  layer  disposed  in  the  same 
lilane  (Ascoiirg) ; .sometimes  their  disposition  is  more  or  less 
distinctly  radial,  following  the  canal  cour.ses  (Si/conrs) ; some- 
times they  are  irregularly  cnnvded  together  ; and 

sometimes  they  are  closely  a])posc(l  in  the  form  of  sohd  anastomosing  fibres 
(Phu rr! roues).  Regular  triaxial  s])icules  are  of  the  most  comnum  occurrence, 

ne.xt  mona.x'ial  S2)icules,  sharpened  on  hoth  sides,  and  moie  rarely  four-ravmd 
spicules. 

()\\  ing  to  the  ready  solubility  of  the  skeletal  elements  in  calcareous  s2)onges, 
they  are  usually  liut  i)Oorly  j)reserc  ed  in  the  fossil  state,  and  are  ill-adapted  for 
micr(jscopical  investigation,  d he  three-rayed  and  rod-shajjcd  sjjicules  which  are 
united  in  fihi-es  are  seldom  distinctly  recognisable  as  such,  since,  as  a rule,  they 
are  either  wholly  or  jwrtially  dissolved,  and  are  converted  into  liomogeneous  or 
crystalline  fibres  of  calcite  (Fig.  88);  in  these  minute  threads  of  calcite  may  be 
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seen  radiating  in  all  directions  from  nnmerous  centres  of  crystallisation.  Some- 
times such  calcareous  skeletons  afterwards  liecome  silicified.  It  is  clear, 
therefore,  that  the  present  chemical  composition  of  a fossil  sponge  furnishes  ns 


Fig.  S6. 


Fig.  87. 


Fi(f.  S8. 


Fibres  of  a Pliaretrone,  composed  of  three-  Solid  tibres  of  fossil  oal- 
rayed  spicules  (Peroniddla  cylindrical  Goldf.  careous  sponge  witli  partially 

sp.  Upper  Jurassic), preserved  spicules, 


Fibres  of  fossil  calcareous 
sponge  altered  by  crystallisa- 
tion, 


no  clue  in  regard  to  its  original  character,  since  during  the  ju'ocess  of  fossilisation 
a silicious  skeleton  may  liecome  converted  into  a calcai-eous,  and  a calcareous 
into  a silicious. 

Of  the  four  orders  of  calcareous  sj^onges — I’haret rones,  St/cones,  Ascones,  and 
Lcucones — only  the  first  two  are  of  practical  importance  to  the  palaeontologist, 
traces  of  the  others  being  either  wanting  or  extremely  fragmentary. 


Order  1.  PHARETRONES.  Zittel. 


JFall  thich ; canal-system  like  that  of  the  Lithistula,  though  sometimes  indistinct 
and  apparently  absent.  Spicules  arranged  in  solid  annstomosing  fibres;  a smooth  or 
corrugated  dermal  layer  frequently  piresent.  Devonian  to  Cretaceous;  unknown  in 
Tertiary  and  Recent. 

Eudea,  Lamx.  Cylindrical  or  clul)-shaped,  usually  simple,  rare! v branching. 
Cloaca  narrow,  tubiform,  extending  to  the  l)ase,  and  terminating  above  in  a 


Fig.  S9. 


Peronidello. 
cylindrica,  Must, 
sp.  Uiiper  Jur- 
assic ; Muggen- 
dorf.  Reduced  i/o. 


Fig.  90. 

FeronideUa  dumosa,  From, 
sp.  Hils  ; Berkliiigpu,  Braun- 
schweig. Natural  size. 


Fig.  91. 

[Corynella  Qiienstedti,  Zitt.  Coral-Rag  ; Natt- 
heim.  a.  Sponge,  natural  size ; h,  Skeletal 
tibres,  -*/i. 


round  osculum.  Dermal  layer  smooth,  perforated  liy  ostia  of  short  canals. 
Triassic  and  Jurassic.  E.  clavata,  Lamx. 

FeronideUa,  Zitt.  (antea  Peronella,  Zitt.  non  Gra}',  Siplwnocoelia,  Polycoelia, 
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Prom.),  (I'igs.  89,  i)0).  I liick-wallod,  cylindrical,  simple,  or  la-anchiiig.  Cloaca 
tuljifoi  iii,  extending  to  the  Ease  ; Ease  sometimes  covered  Ey  dense  derm;d  layer, 
the  rest  of  the  exteiior  finely  perforate.  A distinct  canal-system  aEsent.  The 
coarse,  anastomo.sing  skeletal  filtres  comjxrscd  of  clo.sely  packed  three-rayed  and 
one-rayed  spicules.  Sparse  in  Devonian  (/'.  roiistrictd,  SandE.  sp.) ; common  in 
Trias,’ Jurassic,  and  Cretaceous. 

Zitt.  (Fig.  92).  Similar  to  preceding,  Eut  thin--\vallcd,  Avith 
Eroad  cloaca  e.xtcnding  to  the  Ease,  into  which  conduct  radial  canals  airanged 
in  A'ertical  rows.  Fxtci  iial  surface  perfoi-ate.  Cppei'  Jurassic. 

Con/iiella,  Zitt.  (Fig.  91).  Knoli-like,  cylindrical,  or  top-shaped,  thick-walled, 
simple,  or  composite.  Cloaca  funnel-shaped,  shallow,  tei'minating  Eelow  in 


I']...  '.'2. 

h II  s i j iJi  II II  dhi  Jim  inti, 

Minist.  sp.  ( 'oral  • Ha*.;  : 
Xatllii'iiM.  Natural  sizt*. 


Oi:  II I os  jio  II  <!  i n 

tiihidi/i  III.  (loldf. 
sji.  kn-iflftnll  : 
31  a ••  s t r i (•  li  t. 
Natural  siz<*. 


ric. 
Stellispoiiiiin 


QlU'IISt.  sj> 

Natllu'iui. 


illomcmtii . 
Coral  - Ha-  ; 
Natural  size. 


a series  of  yertical 
l)ranchiug  tuEes ; ex- 
halent  aperture  often 
surrounded  with  radi- 
ally diverging  furrows. 
(Jstia  conducting  into 
numerously  Eraiiching 
radial  canals,  which 
unite  again  in  laiger 
e.xcuri’cnt  canals,  and 
open  into  the  cloaca. 
Common  in  Trias,  Jur- 


assic, and  Cretaceotis. 

Ndli^lioiiifid,  dOi  E.  (I‘ig.  9-f).  L sually  cfimposite  stocks  made  up  of  hemi- 
spherical, or  short  pear-shaiied  jiersons,  with  Ease  cnyeloped  Ey  comjiact  dermal 
layer.  Summit  dimie-shajied,  with  shallow  cloaca  surrounded  Ey  radial  furrows; 
radial  and  vertical 
canals  terminating 
along  sides  and  Itasis 


of  cloaca, 
constituted 
Elunt,  and 
axial,  and 
three-  and 


Skeleton 
of  short. 
Emit  uni- 

also  of 
four-raved 


FI(5.  ‘*0. 

Kiosiiiostoiiio  oi'utluiin'ifo,  Hocin. 
I lils  ; H»*rklinp*ii,  Jirauuscliwuig. 
surface,  natural  size. 


KlfJ.  IHl. 

Wm  iihidoiiniw  1^'arri  iifjdoncnsr, 
Sliarpe  sp.  I.ower  Cretaceous 
(Ai)tiaii) : Farrinj'flon,  Herksliire. 

-/;;  natural  size. 


sjiicules.  J'riassic  and 
J niassic. 

Holni^liiiiKiia,  1 linde; 

Jurassic  and  (_'reta- 
c e o u s . Sest  ruumstdld, 

Zitt.  ; Trias  to  (’reta- 

ceous.  Si/diii/i-lld,  Zitt.  ; Cretaceous.  ()ailospoiit/ld  (Fig.  9.3)  and  iJijdostoina, 
From.  ; Cretaceous. 

TAdSniostoiiia,  From.  (Fig.  9.")).  Foliate-,  eai-,  or  funnel-shaped.  Ujiper  (f.e. 
inner)  surface  coAcred  with  smooth  dermal  layer,  in  which  large  shallow  oscula 
are  situated  ; under  surface'  criErifoi'm.  ( 'retaccous. 

Ithdiilt'dhiK'ma,  llindc  (Fig.  96).  Keaker-,  funnel-,  or  twisted  leaf-.shajied. 
IniK'r  or  ujijier  surface  smooth,  with  very  small  o.scula  or  pores.  Outer  surface 
rough,  criEriform.  Canal-.system  indistinct.  Trias,  Jurassic,  Cretaceous. 

rid]nif ifldiUa^  Zitt.  F’unncl-shaiicd,  thick-walled;  Ease  Avith  smooth  dermal 
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layer ; osciila  present  here,  but  absent  on  other  parts  of  exterior.  Skeleton 
composed  of  very  coarse,  anastomosing  filjres.  Cretaceous.  F.  infiindihuliformis, 
Goldf.  sp. 


Order  2.  SYCONBS.  Haeckel. 

traversed  h//  simple  canals  disposed  radialh/  ivith  reference  to  the  cloaca 
and  opening  into  it.  Skeletal  elements  venj  regnlarhj  arranged. 

Mostly  small,  delicate  forms  inhaluting  shallow  Avater. 

Frotosgcon,  Zitt.,  from  the  Upper  Jurassic  of  Streitlierg,  is  a small,  cylin- 
<lrical,  or  conical  form  agreeing  Avith  living  Sycons  in  the  arrangement  of  its 
mdial  canals. 

To  the  Sycons,  also,  Eauff  assigns  the  calcareous  sponge  Sphinctozoa  descrilied 
l»y  Steinmann  (Jahrlx  f.  Mineralog.  1882,  II.  p.  139),  Avhich  is  distinguisheil 
from  all  other  Calcisponges  liy 
having  a most  I'eniarkable  seg- 
mentation, such  as  occurs  in  the 
Lithistid  genus  Cascaria. 

The  oldest  Sycons  are  Sollasia, 

Amblgsijdionella,  and  Sehargasia, 

Steiiim.,  from  the  Carboniferous 
Limestone  of  Asturias.  In  the 
Triassic  of  St.  Cassian  and  See- 
landalp,  near  Schluderbach  in 
Tyrol,  are  found  Colospongia, 

Laube,  ThatimastocQelia,  and  C/v/p- 
tocoelia,  Steinmann.  Tludamopora, 

Eoem.,  and  Barroisia,  Steinm., 
occur  in  the  LoAver  and  i\Iiddle 
Cretaceous. 

Barroisia  {J'entriculites,  Zitt. 

Occurs  sometimes  as  simple,  cylindrical,  or  claA’ate  indiA'iduals,  and  again  in 
the  form  of  Imshy  stocks.  Outer  surface  frequently  constricted,  summit 
arched,  Avith  osculum  in  the  centre,  cloaca  tubiforra.  The  cylindrical  indi- 
A’iduals  are  composed  of  thin-A\'alled,  hemisjihei'ical,  or  compressed  segments, 
Avhich  are  so  arranged  that  the  roof  of  one  segment  serves  also  as  the  floor  of 
the  next  folloAving.  The  AA'all  is  eA'eryAA'here  perforated  by  simple  radial  canals, 
and  is  made  up  of  fibres  composed  of  three-rayed  spicules.  B.  helvetica,  Lor. 
sp.  Aptian  ; La  Pi-esta,  >SAvitzerland. 

Range  and  Distribution  of  Fossil  Sponges. 

The  j^hylogeny  of  the  Myxospongiae,  Ceratospongiae,  and  a part  of  the  Sdici- 
spongiae,  OAving  to  their  jierishable  organisation,  must  eA'er  remain  involved  in 
doubt.  XeA’ertheless,  isolated  spicules  prove  the  existence  of  ^lonactinellids 
and  Tetractinellids  in  Palaeozoic  seas ; AAdiile  in  the  Trias,  Jurassic,  and  Cre- 
taceous these  forms  become  important  rock-builders,  and  certainly  play  an 
active  part  in  the  formation  of  hornstone,  chalcedony,  and  Hint.  In  the  Ter- 
tiary, spicules  referable  to  existing  genera  are  (piite  common. 

VOL.  I 


Fig.  97. 

Barroisia  anostomonSs  Mant.  sp.  Aptian;  Fanin,”:doD,  Bt^rk- 
sliire.  A,  Busli-like  colony,  one  person  sliced  open;  natural 
size.  IiKlividual  cut  through  oblit'iuely,  5/^  ; a,  Junction  of 
two  segments  ; b,  Cloaca  ; o,  Osculum  ; d,  Radial  canals.  C,  Lk 
Three-rayed  skeletal  spicules,  and  '^-h  (after  Steinmann). 


non  Defr.,  Sphaerocoelia,  Steinm.),  (Pig.  9 7). 
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The  foimer  distrilmtioii  of  the  three  best  preserved  si)onge  poups — the 
fdtliistids,  llexiictiiiellids,  and  Caleispoiiges — is  notewortliy.  The  living  rej)re- 
sentatives  of  the  fii'st  two  orders  inliabit  deep,  or  moderately  deep  water,  while 
the  calcareous  sjajiiges  ])redoininate  in  shallow  waters  bordering  the  coast.  And 
hence,  since  fossil  Caleispoiiges  likewise  occur  almost  entirely  in  marly,  clayey, 
or  .sandy  .strata  of  undoubted  littoral  origin,  and  are  absent  in  limestones 
where  Lithistids  and  1 lexactinellids  jiredominate,  it  is  ])lain  that  the  distribii- 
bution  of  both  fossil  and  recent  sponges  has  been  oceasioned  by  like  jihysical 
conditions. 

In  the  Cambrian  occur  the  Lithistid  genera  Arrltneosa/j/hiu  and  KipterrlJa,  and 
in  the  Ordovician  and  Silurian  of  Eurojieand  North  America  are  found  a number 
of  TetradaiUiia  (Aithicojiium)  and  Eidaxidadiiw  iovnxfi  {^IxtjilvspoiKiia,  Pulamnunon, 
I/iiidia),  together  with  a few  Ithizomorina.  In  the  Carboniferous  J/Itizomorinu 
and  Magaiitoi'inn  are  sparsely  rejircsented ; but  in  the  Ujiper  Jurassic,  and 
esjiecially  in  the  Spongitenkalk  of  Traneonia,  Swabia,  Switzerland,  and  the 
Krakau  district,  the  Lithistids  exhibit  an  astonishing  development,  and 
occa.sionally  form  thick  beds.  They  occur  only  .sparingly  in  the  Lower 
Cretaceous,  but  ai'c  abundant  in  the  Tliiner,  (freensand,  and  U])]ier  Cre- 
taceous of  Northern  (Germany,  Bohemia,  Toland,  Oalicia,  Southern  Ivussia, 
Jhigland,  and  France.  The  Tertiary  being  nearly  everywhere  made  u]> 
of  shallow  - water  formations,  the  absence  of  Lithistids  and  Hexactinellids 
is  not  surprising.  They  jiersi.st  locally,  however,  as,  for  instance,  in  the 
I’jiper  Miocene  of  Bologna,  and  in  the  rrovince  of  Oran  in  Northern 
Africa. 

'I'he  range  of  the  llexiudindUda  is  in  every  respect  similar  to  that  of  the 
Lithididn.  Beg'inning  in  the  Upper  Cambrian,  they  are  repre.sented  in  the 
Ordovician  and  Silurian  by  ])eculiarly  modified  Lijsmcina  forms  {Profosjion(/ia, 
PItoriiiosidlif,  (Ajiithujdiijnis,  Palaeosaccus,  I’ledoderma,  Pdltt'rgonin,  JlntdnosjMu/ia, 
J lidjiojihiilon,  Admeo.<p<W(jin).  The  same  group  continues  also  through  the 
Oevonian,  where  1 and  its  as.sociates  are  consjiicuous  for  their  wide- 

s])read  distribution  in  North  America.  A few  alierrant  Lii-isncina,  which  Ilinde 
designates  as  IPdcrdrlindlidiUf,  are  found  in  the  Carboniferous.  During  the 
Mesozoic  and  Cemjzoic  eras  the  distribution  of  the  HexddineUidd  is  ncaily 
identical  with  that  of  the  Lithididu  ; although  here  and  there  beds  occur 
which  are  charged  jnincipally  with  1 lexactinellids,  and  others  chiefly  with 
Lithistids. 

Very  ditfereiit  conditions  are  jiresented  by  the  Caleispoiiges,  among  which 
only  the  I’haretrones  and  Sycons  are  of  geological  imjiortance.  The  oldest 
calcareous  s])onges  occur  \ery  sparsely  indeed  in  the  iMiddlo  Devonian  and 
Carboniferous  lamestoiie.  They  ajijicar  in  considerable  diver.sity  in  the  Alpine 
Trias  (St.  Cassian  and  Seelandalp),  lint  outside  the  Aljis  are  almo.st  wholly 
absent.  In  the  Jurassic  they  occur  in  marly  beds  of  the  Dogger  (Ban\  ille, 
Swabia),  and  also  in  certain  facies  of  the  iMalm  (Terrain  a Chailles,  Coral-IIag  of 
Nattheim,  Sontheim,  etc.)  in  Southern  Cermany  and  Switzerland. 

The  Lower  Cretaceous  (jiarticularly  the  Neocomiaii  of  Braunschweig,  the 
Swiss  Jura,  and  the  Paris  Basin),  as  well  as  the  Ajitian  of  La  Presta,  near 
Neuchatel,  and  Farringdon,  Berkshire  ; and  also  the  Middle  Cretaceous  (Ceno- 
manian) of  Essen,  Le  .Mans,  and  Havre,  are  characterised  by  an  abundance  of 
well-preserved  Pharetrones,  and  a le.sscr  number  of  SjJiinctozooid  Sycons.  In 
the  Tertiary,  however,  both  groups  are  rvanting,  although  the  existence  of 
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calcareous  sponges  is  still  indicated  by  occasional  detached  triactins.  With  the 
close  of  the  Cretaceous,  the  Pharetrones  seem  entirely  to  have  disappeared.^ 


Sub-Branch  II.  Cnidaria. 

The  Cnidaria  or  Xematophora  have  a radially  symmetrical  body,  and  a 
terminal  mouth-opening  surrounded  by  Heshy  tentacles.  In  the  ectoderm 
(sometimes  also  in  the  entoderm)  cnidoblasts  are  common,  from  the  contents 
of  which  thread-cells  (nematocysts),  filled  with  an  urticating  fluid  and  containing 
a holloAv,  spirally  coiled  thread,  are  developed.  Each  cnidolilast  possesses  a 
fine  superficial  process  {cnidocil),  which  is  very  sensitive  to  mechanical  stimuli. 
The  mesoderm  is  sometimes  entirel}"  absent,  lint  the  ectodeiin  and  entoderm  are 
strongly  developed.  The  ectodenn  or  mesoderm  frequently  secretes  a calcareous 
or  horny  skeleton,  and  both  ectoderm  and  entoderm  are  concerned  in  the  pro- 
duction of  muscles  and  nen'es.  The  sexual  organs  are  the  pi'odnct  of  the 
entoderm. 

The  Cnidaria  are  divided  into  two  classes  : Anthozoa  and  Hydrozoa. 


Class  1.  ANTHOZOA  = AOTINOZOA.  Coral  Polyps.^ 

Usually  sessile,  cylindrical  polyps,  possessing  a nioutJi  surrounded  hy  tentacles, 
oesophagus,  and  gastrovascular  cavity.  The  latter  is  divided  hy  numerous  verfiecd 
partitions  (mesenteric  folds)  into  a system  of  radkdly  disposed  pouches.  A ccdcareous 
or  horny  skeleton  is  frecguently  developed. 

The  simple  polyp  individuals  have  the  form  of  a cylindrical  or  conical  tube, 
at  the  distal  end  of  which  is  situated  a muscular  disk  perforated  centrally  by 
the  slit-like  or  oval  fissure  of  the  mouth.  The  mouth  is  furnished  with  a ring 
of  tentacles  round  its  margin,  and  opens  into  a membranous  oesophageal  tube 

^ To  the  sponges,  and  in  fact  to  the  Hexactinellids,  Hiude  ha.s  referred  the  singular  group 
Recejitaculidae  occurring  in  the  Ordovician,  Silurian,  and  Devonian  Systems.  These  are  all  free, 
globular,  cup-,  or  platter-shaped  bodies  containing  a central  oavit}%  and  whose  calcareous  wall  i.s 
composed  of  elements  arranged  in  cpiincunxial  order.  The  elements  lying  on  the  outer  or  under 
side  of  the  wall  consist  of  small  rhomboidal  plates  having  four  transverse  rays  disposed  cross-wise, 
and  one  inwardly  directed  vertical  ray.  The  systematic  position  of  these  problematical  fossils 
(R.eceptaculites,  Leptopoterion,  Pasceolus,  Ischadites,  Poljjgonosphaerites)  is  wholly  conjectural  ; 
Gtimbel  assigns  them  to  the  calcareous  algae  (Dactyloporidae),  and  others  to  the  Foraminifera  or- 
Sponges.  Vide  monograph  by  Pu'-uff  in  Abhaudlungeu  k.  bayer.  Akademie,  II.  CL,  Bd.  XVII.,  1892. 
Milne- Kdxeards,  H.,  et  Hairne,  Histoire  Naturelle  des  Corallaires  : 3 vols.  and  atlas. 
Paris,  1857-60. 

Milne- Edwards,  H.,  et  Ha.ime,  Mouographie  des  Polypiers  fossiles  ties  terrains  paleozoiques. 
Arch,  du  Museum,  Paris.  Vol.  V.,  1851. 

Milne-Edu'ards,  H.,  et  Hairne,  J.,  Monograph  of  the  British  fossil  Corals.  Palaeontogr.  Soc.,  18-19-64. 
Du/ican,  M.,  ibid.  1865-69,  and  1872. — Revision  of  the  Families  and  Genera  of  the  Sclerodermic 
Zoautharia  or  Madreporaria.  Jourii.  Linneau  Soc.,  London.  Zoology,  vol.  XVIIl.,  1884. 
Fromeniel,  E.  de.  Introduction  a I’etude  des  Polypiers  fossiles.  Paris,  1858-61. 

Fromentel,  E.  de.  Zoophytes.  Paleontologie  francaise.  Since  1861. 

Eoby,  F.,  Monographie  lies  Polypiers  Jurassiques  de  la  Suisse.  Abhandl.  Schweiz,  palaeout.  Ges. 
1880-94,  vols.  YII.-XXII. 

Koch,  Ch.  von,  Die  ungeschlechtliohe  Vermehrimg  der  palaeozoischen  Koralleu.  Palaeontogi’aphica, 
Bd.  XXIX.,  1883. 

Prafz,  i?.,  Ueber  Septalstructur.  Palaeontographica,  1882.  XXIX. 

Quenstedt,  F.  A.,  Petrefacteukunde  Deutschlands.  Band  VII.,  1889.  Ruhren  und  Sternkorallen. 
Reuss,  A.  E.,  Sitzung.sberichte  der  IVieuer  Akademie.  1859,  1864.  1865,  1870  ; Deiikschriften,  Bd. 
VII.,  XXIII.,  XXVIII.,  XXIX.,  XXXI.,  XXXIII. 
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conducting  into  the  gastiic  cavity.  The  outer  covciing  of  the  body,  \vhose 
parts  are  designated  as  wall,  oral  disk,  and  pedal  disk,  are  constituted  of 
ectoderm  and  entoderm,  between  which  is  a thin  layer  of  mc.soderm  {^Lesvgloea). 
Six,  eight,  or  more  radially  disposed  vertical  partitions  (//U'.s'e/dm>6'),  (Figs.  98,  99), 
projecting  inwardly  from  the  body-wall,  di\  ide  the  gastric  cavity  into  a series 
of  radiating  comjiartments  {ineseiifri'ir  pouches).  The  mesenteries  are  jirolonged 
upwardly  as  tlie  hollow,  mu.scular  tentacles;  Avhile  the  generative  organs  are 
attached  to  their  faces  near  the  lowei'  end  of  the  laxly.  The  mesenteries  are 
covered  on  both  .sides  with  mu.sculai'  ti.ssues,  and  bear  mesenteric  filaments  on 
their  curled  inner  edges.  On  one  side  of  the  mesenteries  the  muscle  fibres  are 
transversely  directed,  on  the  other  longitudinally.  The  longitudinal  .system 
is  usually  considerably  folded  and  thickened  ; and  the  disposition  of  these 
muscnlai'  ])ortions  (Mushclfuhiie)  is  of  great  importance  from  a systematic  stand- 

))oint,  since  it  reveals 
the  bilateral  symmetry 
of  many  Anthozoans, 
and  enables  one  readily 
to  identify  the  anti- 
meres.  If  a Jiolyp  in- 
dividual be  cut  in  two 
by  a ])lane  ])assing 
through  the  longer  axis 
of  the  mouth -opening, 
then,  in  the  Ocfuronillu 
(Fig.  98),  the  mesen- 
teries of  the  right  half 
will  have  all  the  inu-s- 
cular  thickenings  dis- 
jiosed  on  the  right-hand 
side,  and  those  of  the 

left  on  the  left-hand  side.  In  the  lle-cucontlla  (Fig.  99)  the  mesenteries  tire 
grouped  in  jtairs,  with  the  muscnltir  thickenings  of  any  ptiir  facing  each  other. 
Two  pairs,  however  (those  corres])onding  with  the  opposite  extremities  of  the 
longitudinal  mouth),  form  often  an  exception  to  this  rtile,  since  these  have  the 
muscnlar  thickenings  plticed  on  opposite  sides.  These  are  called  the  diredue 
weseiilerics,  and  serve  to  indicate  the  longitudinal  axis  of  the  liody. 

Only  a few  Anthozoa  have  jiermanently  .soft  bodies;  the  majority  secreting 
calcareotts,  horny,  or  partly  horny  and  partly  calcareous  structures,  termed  the 
skeleton  or  corallum.  'I'he  simplest  form  of  corallnm  is  that  comjiosed  of 
microscopic,  round,  cylindrical,  acerate,  or  tulierculated  spicules  of  carbonate  of 
lime,  which  are  develojied  in  great  (piantities  in  the  me.soderm  and  remain 
detacheil  in  the  soft  parts  (many  Alcyonuriu).  Jn  a numlier  of  forms  (Coiudlium, 
d/ap.svo,  Tuhijioiv)  the  spicules  are  fiimly  cemented  together  by  means  of  a 
calcareous  or  horny  connective  .substance,  in  such  a manner  as  to  form  tubes 
{Tuhipora).  or,  when  the  secretion  takes  ])lace  chiefly  at  the  base,  a sclerobase, 
or  axis.  Suri’ounding  the  axis  is  the  soft  coenosarc  in  rvliich  the  polyps  of  the 
colony  are  embedded  (Fig.  100).  In  some  cases  the  sclerobase  is  compo.sed 
entirely  of  horny  matter  without  admixture  of  calcareous  secretions.  In  the 
.so-called  “stone  corals”  (Fig.  101)  a consistent  calcareous  skeleton  is  formed 
by  the  outer  surface  of  the  ectoderm.  At  the  base  of  the  polyp  between  each 


Fic;. 

I-»iagramiiiatic  sjo-tion  of 
the  soft  parts  of  an  Octo- 
roi'iiHn  (.llri/nti  iu i/i).  .1 , < 
jiliajins:  1,  *j,  3,  4,  .Mrs<*n- 
ti'rifs  of  tlie  Ipfl  side  (after 
H.  IIert\vi;r). 


l)ia|4rainmatic  section  of  tlie  soft  parts  of 
a Hcmcoiv.lhi.,  In  the  ii)>iier  lialf  (ab»ive  the 
line  (t — h)  the  section  i>asses  tlirongli  oeso- 
liha;ius.s-;  in  lower  half,  beneath  the  same. 
Corallum  indicated  by  heavy  lines,  r,  direc- 
tive mesenteries. 


CLASS  I 


AXTHOZOA 


69 


pair  of  mesenteries,  the  infolded  ectoderm  secretes  small,  round,  oval,  or  irregular 
calcareous  bodies  (sderites) ; these  are  opposed  against  one  another  in  radial 
directions,  and  as  others  are  successively  laid  dovni  on  the  top  of  them,  upright 
partitions  or  sejda  (Sternleisten,  doisons)  are  built  up.  Gradually,  also,  as  the 
polyp  approaches  maturity,  the  basal  plate  becomes  calcified,  owing  to  the 
secretion  by  the  outer  surface  of  the  ectoderm  of  numerous  minute,  closely 
crowded,  calcareous  bodies.  The  septa,  however,  grow  considerably  aljove  the 
base,  and  become  lodged  in  the  vertical  interspaces  between  the  mesenteries. 
In  the  same  manner,  within  the  soft  body-wall,  a calcareous  secretion  may 
take  place,  binding  the  outer  edges  of  the  septa  together,  and  known  as  the 
tmll  or  theca  {Mauer,  IFand,  muraille).  Both  septa  and  theca  are  composed  of 
minute,  densely  crowded  calcareous  bodies,  in  which  delicate  calcareous  filires 
may  be  seen  radiating  in  all  directions  from  a central  dark  space.  And  since 


Fig.  100. 

Corallium  mbrum,  Lam.  (after  Lacaze-Duthiers). 
Branch  of  red  coral  of  commerce  laid  open  along 
the  axis,  and  sliowing  three  polyps  in  section  em- 
bedded in  fleshy  coenosark. 


Fig.  101. 

Astroides  calycularis,  Lamx.  sp.  Mediterranean 
(after  Lacaze  - Duthiers).  Enlarged  longitudinal 
section  of  polyp  with  calcareous  skeleton,  te,  Ten- 
tacles ; oe.  Oesophagus  ; me,  Mesentery  ; {oc,  ^lesen- 
terial  pouclies ; coe,  Coenosark ; spt,  Septum  ; 
col,  Columella. 


all  the  calcareous  bodies  forming  the  septa  have  a radial  disposition,  the 
calcification-centres  as  seen  in  transverse  sections  form  a dark,  mostly  inter- 
rupted, and  occasionally  jagged  median  line,  from  which  bundles  of  minute 
filires  radiate  outward  in  all  directions.  Similar  calcification-centres  are  found 
also  in  the  theca.  Sometimes  the  median  dark  line  is  uninterrupted  and 
divides  the  septum  into  two  separate  lamellae. 

The  interstices  between  the  sderites  forming  the  septa  are  either  completely 
filled  with  carbonate  of  lime  (Aporosa),  or  there  remain  larger  or  smaller  porous 
spaces  {Perforata) ; in  many  cases,  in  fact,  the  septa  are  represented  by  a loose 
network  of  sderites  piled  up  vertically,  or  merely  by  vertically  directed  spines. 

The  number  of  mesenteries  and  septa  within  the  visceral  chaml)er  is  equal 
to  that  of  the  tentacles,  and  is  somewhat  uniform  throughout  the  difterent 
sulf-classes,  orders,  genera,  and  species.  Increase  takes  place,  as  a rule,  in  such 
a manner  that  whenever,  as  the  polyp  grows,  a new  visceral  chamber  is  formed. 
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a new  septum  is  secreted.  The  numher,  widtli,  thickness,  and  mode  of  forma- 
tion of  the  septa  furnish  imjiortant  systematic  cliaracters,  usually  four,  six, 
eight,  or  twelve  princiiial  or  jirimary  septa  are  first  formed,  between  which 
septa  ()f  the  second,  third,  and  fourth  cycles  and  so  on  are  successively  inter- 
calated. The  upper  edges  of  the  septa  are  sometimes  smooth,  sometimes 
serrated  or  granulated  ; and  they  c.xtend  from  the  central  depression  to  the 
walls  of  the  theca,  either  obliquely  or  in  a curved  line.  This  open,  central 
depression,  formed  by  the  superior  edges  of  the  septa,  is  known  as  the  mlkc 
{ Ketch,  cahi.c). 

The  sides  of  the  septii  are  rarely  smooth,  but  are  commonly  granulated  or 
lurnished  with  rows  of  small  prominences  ; occasionally  they  are  provided  with 
well-marked  vertical  cros.s-bars  (niriii'ie).  When  the  projections  on  the  sides  of 
the  septa  are  in  the  form  of  conical  or  cylindrical  transver.se  bans,  they  are  termed 

sij/iiqifiriitd.  Fre([nently  the  synajiticiila  of 
two  ailjacent  septa  become  joined  together  : 
sometimes  whole  rows  of  them  are  fused 
tngethei-  to  form  perpendicular  bars,  thus 
greatly  .strengthening  the  .septal  framcAvork. 

In  some  corals  {Afheculiit)  the  development 
of  .synapticula  is  such  as  to  render  an  outer 
wall  .superfluous.  With  the  ujiward  growth 
of  the  polyp,  the  theca  gradually  becomes 
elevated,  and  its  lower  portions,  as  their 
occupation  l)y  the  soft  jiarts  ceases,  are 
partitioned  off  by  numerous  horizontal  or 
oliliipie  calcareous  jilates  which  bridge  over  ■ 
the  intersejital  .space.s.  These  structures  are 
known  as  (Ikscjiimenta  {Trarerscn)  and  tuhulae 
( Jltiile/i) ; the  tabulae  are  often  nothing  but 
highly  developed  di.ssejhments,  being  dis- 
tinguished from  the  latter  merely  by  the  fact 
that  they  extend  across  between  the  sejita  at 
the  same  Ito  el  ; stjinetimes  they  are  perfectly 
hoi'izontal,  .sometimes  they  are  arched  or  * 
funnel-shaped  (Fig.  102),  and  .sometimes  incomplete.  1 li.ssepiments  and  tabulae 
are  most  strongly  developed  in  cylindrical  forms,  and  fixaptently  fill  the  in- 
cluded sjiace  within  tlie  theca  Avith  a ve.sicular  or  cellular  ti.ssue. 

\\  hen  a number  oi-  Avhen  all  of  the  scqita  aie  produced  as  far  as  the  centre 
of  tin;  calice,  their  free  edges  may  become  twisted  so  as  to  form  an  axial 
structure,  knoAvn  as  a ji-fewlo-coluntelhi.  Sometimes,  hoAvever,  a true  columella  { 
{Knilcheii,  A.cc)  is  jircvsent ; this  may  be  either  a comjiact,  styliform,  or  foliaceoits  \ 
structure,  or  may  be  compo.sed  of  a bundle  of  styliform  or  tAvi.sted  rods  (Fig.  J 
lO.'f),  or  of  thin  lamellae.  It  extends  from  the  floor  of  the  visceral  chamber  to  I 
the  bottom  of  the  calice,  into  Avhich  it  pi’ojects  for  a greater  or  less  di.stance.  I 
The  structures  knoAvn  as  y/a/i  {I'fdhlchen,  jioluJi)  are  narroAv  vertical  plates 
Avhich  are  imserted  l)etAA’een  the  columella  and  the  inner  ends  of  the  septa  in  I 
one  or  moi-e  cycles  (Fig.  103).  I 

The  outer  Avail  or  thecd  is  often  formed  bv  the  secretion  of  a iiarticular  ! 
ring-like  fold  of  the  ectoderm,  and  is  con.stituted  of  distinct  .sclerites,  having  ^ 
separate  calcification -centres,  and  connecting  the  outer  edges  of  the  sejtta  ! 


Kic^.  IOl'. 

LIHio;i(ri>fUAi 
Mortiiii,  K.  aii<l 
II.  Lon^'i* 
tu'linal  s*‘C- 
liuii  .■'liowing 
tahnlao. 


( '(•ri/njiJi  i/Ultf  Cilfifh 
Sul.  (’uralluiii  sjilit  ojii-n 
lun.untiuliiially  ; trim  colu- 
iM'-lia  in  llif  (■••Hire,  sur- 
ruuii<U-tl  Ity  a cycle  of  pali. 
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(Euthecalia).  In  many  cases  the  peripheral  edges  of  the  septa  become  thickened 
and  laterally  fused  to  form  a spurious  theca  (Pseudofhecaliu)  ; and  occasionally 
the  dissepiments  lying  in  a certain  zone  become  united  so  as  to  form  an  inner 
Avail  within  the  true  theca.  The  epitheca  is  a usually  smooth,  sometimes 
corrugated,  superficial  calcareous  investment,  which,  according  to  Koch,  is 
merely  a prolongation  of  the  basal  plate,  and  is  secreted  by  the  outer  surface 
of  the  ectoderm,  Avhich  is  reflected  over  the  top  of  the  corallum.  The  epitheca 
is  deposited  either  directly  upon  the  theca,  or,  when  the  septa  are  produced 
outwards  so  as  to  form  exothecal  lamellae  or  ribs  (costae ),  the  theca  and  epitheca 
are  separated.  Exothecal  lamellae,  not  corresponding  in  position  to  the  septa, 
are  called  pseudocostae  or  rugae. 

Sexual  reproduction  is  comparatively  rare  among  Anthozoans.  FolloAving 
fertilisation  and  segmentation  of  the  ova,  ciliated  lanaae  are  born,  Avhich  swim 
about  for  a time,  become  fixed,  and  develop  into  simple  polyp  individuals. 
Asexual  reproduction  by  gemmation  or  fission  is  much  more  common.  The 
individuals  produced  in  this  Avay  remain  connected  with  one  another  and  Avith 
the  parent  animal,  forming  polyp  stocks  or  colonies  of  exceedingly  various 
forms  and  sizes. 

XeAv  corallites  are  produced  either  Avithin  or  Avithout  the  calice  of  the 
parent  polyp.  In  extra-calkinal  gemmation,  the  buds  ai-e  throAvn  out  either  from 
the  sides  of  the  polyp  (lateral  gemmation),  or  are  formed  in  the  common 
calcareous  matrix  Avhich  unites  the  A’ai’ious  corallites  of  a colony  (coenenchgmal 
and  costed  gemmation).  In  both  cases  the  neAv  corallites  may  diverge  from  one 
another,  being  attached  to  the  parent  corallum  only  at  the  l)ase,  or  they  may 
groAv  up  closely  opposed  to  the  latter  and  to  one  another,  so  that  the  thecae 
are  in  contact  on  all  sides.  In  this  Avay,  branched,  dendroid,  or  massiA'e  and 
knob-like  (“  astraeiform  ”)  compound  coralla  are  formed.  A less  common 
mode  of  increase  is  by  based  or  stoloned  geinmeition.  In  this  process  the  Avail  of 
the  original  polyp  sends  out  creeping  prolongations  (stolons)  or  basal  expansions, 
out  of  which  neAv  corallites  arise.  In  calicined  gemmation  buds  are  produced 
within  the  calice  of  the  parent  corallite,  according  to  one  or  the  other  of  the 
folloAving  methods  : — Either  certain  particular  septa  become  enlarged  and  pro- 
duced so  as  finally  to  enclose  a neAv  calicinal  disk  (septed  gemmation) ; or  tabulae 
are  produced  upAvards  in  the  fonn  of  pockets,  fi'om  Avhich  neAv  corallites  are 
cleAmloped  (teibuleer  gemmation).  In  both  septal  and  tabular  gemmation,  a portion 
of  the  parent  corallite  including  a part  of  the  original  Avail  is  concerned  in  the 
formation  of  buds ; Avhile  the  septa  or  modified  tabulae  are  converted  into 
portions  of  the  neAv  thecae,  from  Avhich  neAV  septa  then  Ijegin  to  groAv  iiiAvards 
tOAAmrd  the  centre. 

A peculiar  kind  of  calicinal  gemmation  is  that  knoAvn  as  rejuvenescence.  In 
this  method  only  one  bud  is  formed  Avithin  the  parent  calice,  but  it  enlarges 
until  it  completely  fills  the  latter.  By  the  indefinite  repetition  of  this  process,  a 
corallum  is  formed,  consisting  of  a succession  of  cuAps  placed  one  AA'ithin  the  other, 
of  Avhich  only  the  youngest  and  upjAermost  is  occupied  by  the  living  animal. 

The  beginning  of  reproduction  by  fission  is  marked  by  an  elongation  or 
distortion  of  the  parent  calice,  accompanied  by  the  contraction  of  the  Avail  at 
opposite  points  along  the  margin.  The  constriction  may  proceed  until  it 
divides  the  oral  disk  into  tAvo  halves ; or  tAvo  opposite  septa  may  unite  to  form 
a neAv  theca.  By  this  method,  branching,  massBrn,  or  astraeiform  colonies  are 
produced,  Avhich  do  not  difter  essentially  from  those  formed  I)y  budding. 
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Frequentl}',  however,  iiidiiiduals  foi’iiied  bv  fission  liecome  only  imperfectly 
separated,  remaining  proximalh"  more  or  less  closely  in  contact.  In  such  cases 
the  calices  form  continuous,  straight,  curved,  or  labyrinthic  furrows,  with  more 
or  less  clearly  distinguishable  centres. 

The  comjiound  corallum  of  a l)olvp  stock  remains  practically  the  .same  as  in 
solitary  individuals,  e-xcejiting  that  the  conditions  are  more  complicated  when 
the  separation  of  the  individuals  is  incomplete.  Dendroid  and  astraeiform 
colonies  freipiently  develop  a common  connective  matrix  or  ti.ssue  {ronii-nchjirnd) 
which  unites  the  various  corallites  into  a whole  ; it  is  secreted  externally  to  the 
theca  by  an  inverted  external  part  of  the  polyp  over  the  top  of  the  corallum 
(IditvJjiloffp),  and  is  sometimes  dense  in  structure  (Ooilinvltte),  or  it  may  consi.st 
of  a vesicular  or  tulndar  tissue.  The  .separate  corallites  are  often  also  united 
liy  means  of  the  septa,  which  are  produced  over  and  beyond  the  thecae,  and 
fused  with  those  of  neighbouring  indi\'iduals.  In  such  cases  the  intersejital 
loculi  are  almo.st  alwavs  tilled  with  strongly  developed  di.ssei)iment.s.  All 
structures  develoiied  in  the  included  space  within  the  theca,  with  the  exception 
of  the  septa,  are  designated  collectively  as  ewhAlieca  : tho.se  lying  without  the 
theca  as  exofhmt. 

The  Anthozon  are  exclusively  marine  foi-ms,  and  predominate  in  shallow 
water.  Many  of  the  yhiitiitn-ia,  Aidijiutliuriii,  and  Madreponrria  occur  also  at 
greater  depths,  ranging  from  .50-.'I00,  and  sometimes  even  to  l.oOO  fathoms.  The 
so-called  reef-conih  inhalht  depths  not  exceeding  .30-.’b“)  metres,  and  reejuire  a 
temperature  of  the  water  of  about  18  to  'J0°  C.  Hence,  existing  coral-reefs 
are  restricted  to  a zone  extending  about  .'10’  on  either  side  of  the  e(|uator  ; 
they  are  distingui.shed  according  to  form  as  fringing  reef.s,  barrier  reefs,  and 
atolls.  While  the  stony  corals  (Porif/'s,  Mailrejinrn,  TiiAiiinnia,  VocHhiponi, 
numerous  and  Finif/iddr)  and  the  Alcyonarians  (UclidjHini)  uva  the  most 

important,  they  are  not  the  oidy  agents  concerned  in  the  formation  of  reeks, 
as  an  active  part  is  also  played  by  the  lliidrdnwhi^de  {MiUepai  dhn'),  calcareous 
algae  [Litldjlhawuiinn,  Mvloln'ski),  mollusks,  echinoderm.s,  Iwyozoans,  and  woi-ms. 
Of  the  ancient  coral-reefs  which  have  been  formed  in  nearly  all  of  the  great 
geological  periods,  those  of  the  Cenozoic  and  IMesozoic  jieriods  are  composed  in 
part  of  genera  .similar  to  those  now  living ; while  those  of  the  Palaeozoic 
!e])resent  genera  and  families  that  are  now  principally  extinct,  and  whose 
relation  to  li\  ing  forms  is  often  ipiite  uncertain. 

The  Ajithozoa  arc  divided  by  Haeckel  into  three  sub-clas.ses — 'Tcfrdcontlld, 
Jl/'.i'driii'dlld , and  Ocfncoi'dlld . 


Sub-Class  1.  TETRACORALLA.  Haeckel.^ 

(Zoaiifkarid  li/d/oMi,  IMilne-Edwards  ; /7c/-eo'/re//?e,  Freeh.) 

Extinct,  pdldcozok,  sinqilc,  or  composite  sclermlermic  cordis,  tcifh  septd  dvrinicjed 
accordincj  to  n tctrarncrdl  system,  nnd  either  hildteirdli/  or  rndidlbj  s/inimetricfd  ; 

' Literature  (ef.  also  ]i.  67)  ; 

Kuidl).  ,1.,  Beitriige  zur  Keiiiitiiiss  fossiler  Koralleii.  Zeitschrit't  der  deutsclieii  geologiselien  Ge.sell- 
seliatt.  Hd.  XXL.  1869.  aiul  XXII..  1870. 

Djhotrski.  II'.  jy„  Moiingraiiliie  der  Zoaiitliaria  Kugos.a,  etc.  ArcUiv  I’iir  Xaturkunde  Liv-,  Est-,  uiid 
Kurlaiids.  Bd.  V..  1874. 

lioe/iier.  F..  Lelhaea  I’alaeozoica,  1883.  p)i.  324-416. 

Sdi/rde/-.  Clem..  Aiitliozoeu  des  rlieiuisclieii  Mittel-Devon.s.  ALhaiulIungeu  der  preu.ssisclien  geolo- 
gisclieii  Laudes-Austalt.  Bd.  VIII..  1889. 
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tvifhout  coenenchijma,  hut  with  'mualhj  strongly  developed  endothecal  tissue  in  the  form 
of  tabulae  or  dissepirnents,  and  with  well-marked,  frequently  wrinkled  wall. 

The  Tetracoralla  are  especially  characterised  by  the  possession  of  four 
principal  or  primarj'  septa,  between  which  four  sets  of  new  septa  are  suljse- 
quently  developed.  The  four  principal  septa  are  sometimes  of  equal  propor- 
tions, when  they  may  be  either  stouter  and  longer  than  the  others  (Stauria),  oi- 
thinner  and  shorter  {Omphyma)  ; or  they  may  l)e  of  une‘(p;al  proportions.  Of 
the  two  principal  septa  which  lie  in  the  longitudinal  axis  of  the  corallum,  one 
(called  the  cardinal  septum)  is  frequently  situated  in  a depression  or  furrow 
known  as  the  fossula  (Fig.  104);  while  the  other  or  counter  septum  is  either 
normally  developed,  or  is  more  or  less  reduced.  Occasionally  the  counter 
septum  is  placed  in  a fossula,  while  the  cardinal  septum  is  normally  develoi>ed  : 
but  the  two  laterally  disposed  or  cdar  septa  are  always  equal  in  size.  The 
remaining  septa  not  infrequently  exhibit  a well-marked  radial  arrangement,  in 
which  the  longer  and  more  strongly 
developed  usually  alternate  with  the 
shorter  and  less  strongly  developed. 

Xew  septa,  according  to  Kunth  and 
Dybowski,  are  inserted  in  the  follow- 
ing order.  First,  a new  septum  is 
given  off  on  either  side  of  the  cardinal 
septum  (Fig.  104,  //.),  and  takes  up  a 
position  parallel  with  the  alar  septum. 

This  leaves  an  intermediate  space 
between  the  cardinal  and  the  newly 
formed  septa,  which  liecomes  filled, 
however,  by  the  repeated  insertion  of 
new  septa  one  above  the  other  in  the 
same  manner  as  the  first ; and  hence 
they  diverge  from  the  cardinal  septum, 
as  they  grow  upward,  in  a pinnate 
fashion.  Likewise  the  two  counter 
quadrants  lying  between  the  alar  and 
counter  septa  become  occupied  l)y  lamellae  which  are  given  off  from  the  alar 
septa,  and  gradually  arrange  themselves  parallel  with  the  counter  septum. 
The  mode  of  growth  in  the  Tetracoralla  will  be  readily  understood  on  insijecting 
the  .surface  of  such  specimens  whose  septa  are  visible  on  the  exterior,  or  whose 
wall  is  readily  removed  by  corrosion  or  polishing.  One  may  then  note  three 
distinct  lines  extending  from  the  calicinal  margin  to  the  base  ; these  mark  the 
cardinal  and  the  two  alar  septa,  from  which  the  other  pinnately  liranching 
septa  are  directed  obliquely  upward  (Fig.  105).  The  order  in  which  the  septa 
are  given  off  in  the  four  quadi’ants  is  indicated  by  the  numerals  in  Fig.  104. 

Many  of  the  Tetracondla  multijjh^  by  sexual  reproduction,  and  occur  onl}- 
as  single  individuals ; asexual  reproduction  takes  place  usually  by  calicinal, 
more  rarely  by  lateral  gemmation,  and  results  in  dendroid  or  massive  colonies. 

Dissepiments  are  generally  abundantly  developed  between  the  septa, 
which  latter  are  compact,  and  the  upper  edges  of  which  are  either  smooth  or 
serrated.  Sometimes  the  dissepiments  fill  the  whole  interior  Avith  a vesicular 
tissue,  and  the  central  visceral  cavity  is  frequently  entirely  partitioned  off  by 
horizontal,  inclined,  or  funnel-shajjed  tal)ulae.  The  Avail  is  usually  composed 


Fig.  104. 


Men oph yll u ni  te a v.  > niv.r- 
ginatnni,  E.  and  H.  Car- 
boniferous Limestone  ; 
Tournay,  Belgium.  -j\. 
h,  Cardinal  septum  ; g, 
Counter  septiun  ; s,  Alar 
septa. 


Fig.  lu.3. 


Zoplirentis  C"  iui(lensi$. 
Bill.  Ordovician  : Cin- 

cinnati, Ohio.  Natural 
size. 
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of  the  thickened  and  fused  septal  edges  ; sometimes  it  is  invested  -with  epitheca 
and  furnished  vitli  vertical  rngae  or  root-like  jirocesses.  A true  coenenchyma 
is  alisent.  In  a few  genera  the  calice  is  provided  with  a lid  or  opercuium, 
which  inav  be  composed  of  one  (Calceola)  or  of  several  plates  ((idinophiiUum). 

ith  the  excqitiou  of  a few  genera  whose  systematic  position  is  uncertain, 
all  the  typical  IdrucomUa  are  confined  to  the  Palaeozoic  rocks.  They  are 
probably  the  ancestors  of  the  impei-forate  llexacoraUa. 


Family  1.  Cyathaxonidae.  Milne-Edwanls  and  Ilaime. 


liirlniKite  or  horn-dorpcr] 


lOo. 

Cijiitho  run  in 
f'nrnii,  .'licli. 

< 'a  rhoii  ili'iiius 
L i 111  «•  s t o n •*  : 
Tcmniay.  ('nr- 
allum  with 

iVactuivil  tln-ca, 
sliowiligj  OJie*!! 
inti*  r s p t a 1 
loculi.  > i. 


rifii  intn  ^ 
Must.  Devonian  ; 
Knkeborji,  near 
Hriloii.  1 j.  o.  Cor- 
allum  vieweil  from 
the  ajiex  ; h.  Trans- 
verse section  heluw 
tlie  miil'lle. 


rornlhi^  ocaiirinr/  onhj  Muiple.  Sepia  with  regahir 
radial  urraiafemeuf.  Ttdmlae  and  di.<- 
repiaienf^  absent. 

('ijathaxonia^  IMich.  (Fig.  lOG). 
Acutely  j)ointed,  conical.  Cardinal 
seiitum  in  fo.ssula.  Septa  numerous, 
extending  inward  as  far  as  the 
strongly  developed  .styliform  and 
considerably  elevated  columella. 
Carboniferous  Limestone  ; Bekdum 
and  England. 

Jhfjiranella,  Xich.  Corallum  to])- 
shaped.  Septa  nearly  all  of  uniform 
length  and  size,  forming  a spurious 
columella  in  centre  of  the  deep  calice, 
exsert  at  the  base.  Silurian  ; North 
America.  1>.  bomdi.i,  Nich. 

1‘eiraia,  i\Iiinst.  (Fig.  107).  Tur- 
binate or  conical.  Septa  short, 
reaching  to  the  centre  only  at  the 


lOS. 

Pitli/crtelif  pro- 
fn  nihi,  (h-rm. 
sj).  Z»*ch>teiii; 
(Jera.  1 1 (after 
Koemer). 


Ordo\  ician  to  Carboniferous. 


base  of  the  very  deep  calice.  Columella  absent. 

l‘oh/riieln(,  King.  (Fig.  108).  Hoi-n-shaped. 

Calice  very  dee}) ; four  princi})al  .septa  reach 
nearly  to  its  centre,  between  which  in  each 
• ptadrant  are  five  shorter  se})ta.  Zechstein. 

Kannphijlhiiit,  ])yb.  Ordovician  and  Silurian. 

Family  2.  Palaeocyclidae.  Dybow.ski. 

Curalhl  simple,  discoidal,  nr  hoirl-.s/iajird.  Septa 
na merons,  stoat,  approarkinri  radial  siimmetni  in 
dispnsiinm.  Tahnlae  and  dissejiimeals  wantiiai. 

P(daeoi'//rlas,  E.  and  H.  (Fig.  100)-  Hiscoidal 
to  de})ressed  to])-shaped,  with  e])itheca.  Se})ta 
numerous,  radially  disposed,  the  larger  ones 
reaching  to  the  centre.  Silurian. 

Coadjophi/llam,  Jla  ri/pln/lhnn,  E.  and  II. 

Devonian. 

Ilailrophi/lhnn,  E.  and  H.  Cushion-sha])ed,  with  epitheca.  Calice  with  three 
septal  fossula,  that  of  the  cardinal  septum  being  the  largest.  Ifevonian  ; Kifel 
and  North  America. 


Ki<;.  ICf. 

]'nliic0C!ffhii  jior- 

into,  Lin,  r^ilurian; 
Gottluicl.  (I.  'i’oji 
view  of  calice ; 
h,  Profile.  1/]. 


Fig.  110. 

Microcyclus 
ftiscus,  Meek  and 
Wortli.  Hamil- 
ton (Devonian) ; 
North  America. 
Vi*  (•,  Corallmn 
from  below; 
h,  from  above 
(after  Nicholson). 
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Microcyclus,  Meek  and  'Worth.  (Fig.  110).  Like  the  preceding,  but  with 
only  one  septal  fossula.  Devonian  ; North  America. 


Family  3.  Zaphrentidae.  Milne-Edwards  and  Haiine. 


Coralla  simple,  turhinate,  conical,  or  cylindrical;  septa  numerous,  exhibifiny 
distinct  bilateral  symmetry  in  arrangement.  Theca  generadly  formed  by  fusion  of 
septal  ends.  Tabidae  completely  developed  ; dissepiments  not  very  abundant  in  inter- 
septal  loculi. 


Streptelasma,  Hall, 
alternately  long  and 
twisted  together 
in  the  centre  to 
form  a pseudo- 
columella. Tab- 
ulae few  or 
absent.  Posi- 
tion of  the  prin- 
cipal septum  is 
recognisable  on 
the  exterior  by 
system  of  pin- 
nately  diverging 
costal  ridges. 

Common  in  Ordo- 
vician and  Sil- 


Turbinate, often  curved, 
short ; the  free  edges 


Septa  numerous  (80-130), 
of  the  longer  septa  are 


urian. 


Fig.  111. 

Zo.plirentis  Conodensis,  Bill.  Hudson  River  group 
(Ordovician);  Cincinnati,  Ohio,  h'l-  --1,  view. 

F>,  Transverse  section.  C,  Longitudinal  section.  (7i,  Car- 
dinal se].ituin;  g,  counter  septum  ; s,  alar  seiituin.) 


Zaphrentis,  Eaf.  (Figs.  111-114),  Simple,  turbinate,  or  sub -cylindrical. 


Fig.  112. 


Zaphrentis  cornicida, 
Lesueur.  Devonian  lime- 
stone ; Ohio. 


Fig.  113. 

Z(f.ph re ntis  cor nucop iae, 
!Micli.  Calice  enlarged. 
Carboniferous  Limestone ; 
Xournay,  Belgium. 


Fig.  114. 

Zaphrentis  EriniskiUeni,  Xich.  Carboniferous  Lime- 
stone; Ireland.  -4,  B,  Transverse  sections  through  re- 
spectively upper  and  lower  portions  of  calice.  C,  A long 
and  two  short  septa  united  at  the  ends  to  form  the  wall. 
D,  Longitudinal  section  sho  wing  tabulae  (after  N'ichoFson). 


frecjuently  elongated.  Calice  deep,  with  circular  margin.  Septa  numerous, 
reaching  to  the  centre  ; cardinal  septum  in  a deep  fossula.  Tabulae  numerous, 
somewhat  irregular,  and  passing  from  side  to  side  of  the  visceral  chamber ; 
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dissepiments  sparingly  developed  in  outer  zone  of  corallum.  50-G0  species 
known,  ranging  from  Silurian  to  Carboniferous.  IMaximiun  development  in 
Cai’boniferous. 

Amplexns,  Sow.  Simple,  sul)-cylindrical,  or  elongated  turlnnate.  Calice 
shallow,  usualh'  with  septal  fossulae.  Septa  moderately  numerous,  short,  never 
produced  to  centre.  Tal)ulae  highlj'  developed,  horizontal.  Ordovician  to 
Carboniferous  limestone. 

^-lulacophi/lhim,  E.  and  II.  Turliinate.  Septa  numerous,  extending  to 
centre.  Cardinal  septum  in  deej)  fossula  ; adjacent  sejita  pinnately  developed. 
Ordovician  to  Devonian. 

MenophiiJhiiti,  E.  and  II.  (Fig.  104).  Turlnnate.  Cardinal  seiitum  in 
largest  of  three  fossula.  Carlioniferous  limestone. 

Lop]ioj)hijlhi HI,  E.  and  H.  Carboniferous  limestone.  Ani$<ipln/Uinn,  E.  and 
II.  Ordo\'ician  to  Devonian.  I’l/ctiophi/ll mn,  Eindstr.  Ordovician  and  Silurian. 
ApasmophilV iUH,  Eoem.  MHriojihiilhuii,  E.  and  H.  Thamnophiillnm,  Penecke. 
Devonian.  I'enfaplnjlliiiii,  de  Koninck.  Carboniferous. 


Family  4.  Cyathophyllidae.  :Milne-E(lwar(ls  ami  Haime. 

HiHipjJe  or  rowposifr  ronilhi.  Sepia  niiii/eroos,  radiulhj  arranfieil : the  four  priri- 
cipid  septa  rareli/  liistmi/uisheit  Inj  rjreater  or  sitioller  size.  Talnihie  (not  resiaitar 
tissue  (dissejii merits)  olmm/ont. 

Cijathrplnjlhi m,  Goldf.  (Figs.  115-117).  Extremely  variable  in  form, 
sometimes  simple,  turbinate,  or  sub-cylindrical  ; sometimes  giving  rise  to 


ll.i. 

f'H'ffliophi/fhnn  cnr.<!j/ifosuiil,  (ioMf. 
Di'Cijiiian  ; Gerulstein,  Kifel.  Xatural 
size. 


Fig.  1 It-. 

(.'i/ftthophnnnin  hrj'ft/foinim,  GoMf.  Devonian;  Gerol- 
st^in,  Eift‘1.  Natural  size. 


Imshy,  fasciculate,  or  astraeiform  colonies,  where  rejiroduction  takes  place  by 
calicinal  or  lateral  gemmation.  Septa  r'ery  numerous,  strictly  radial  in  arrange- 
ment, and  often  alternately  long  and  .short ; the  longer  septa  extending  to  the 
centre.  Visceral  chamber  filled  with  numerous  imperfectly  develojmd  tabulae  ; 
vesicular  disseihments  highly  developed  in  peripheral  portion.  Nearly  100 
si-ecies  known,  ranging  from  Ordovician  to  Carboniferous  limestone  Maxi- 
mum de^  elojnnent  iu  Devonian. 
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Campojyhylliim,  E.  and  H.  (Fig.  118).  Like  the  jn-eceding,  but  septa  not 
extending  to  the  centre.  Devonian  and  Carl)oniferous  Limestone. 

Heliophylhin,  Hall.  Llsually  simple  and  turlhnate,  more  rarely  forming 

a 


n 


Fig.  117 


Cijathophyllum  heterophyUum  E.  and  H.  Middle 
Devonian;  Gerolstein,  Eifel.  .4,  Transverse;  I/,  Longi- 
tudinal section  (after  Xicliolson). 


Fig.  118. 

Of.mpopfhjiUum  rnm- 
pressiim,  Ludw.  Car- 
boniferous Limestone ; 
Hausdorf,  Silesia.  a, 
Longitudinal ; 6,  Trans- 
verse section. 


Fig.  110. 

Diphiipkyllfi III  con- 
cltiiunn,  Lonsd. 
C a r b o 11  i f e r o u s 
Limestone ; Ka- 
mensL,  Ural. 


dendroid  colonies.  Septa  numerous,  extending  to  the  centre,  and  thickened 
on  their  sides  by  conspicuous  vertical  ridges  (“  carinae ’’).  Devonian. 

DiphuphylJuin,  Lonsd.  (Fig.  119).  Ordovician  to  Carl)oniferons.  Pholido- 
phyllum,  Lindstr.  Ordovician  and  Silurian.  EridophfiUum,  F.  and  H.  Silurian 


Fio.  120. 

Ompliyma  suldturhiantn^  E.  and  II.  Silurian  limestone ; 
Gottland,  Sweden,  a,  Side  view  ; Calice  from  above. 


Fig.  121. 


Lithost  rotioti 
Murtini,'E. iuidll. 
Carbon.  Limest. ; 
Hausdorf,  Silesia. 
Sections  of  in- 
*lividnal  corallite 
(after  Kuntli). 


and  Devonian.  Crepidoplujlhim,  Xich.  Craspedopjhjjlhnn,  Dyb.  Devonian. 
Koninckoplujllum,  Nich.  Chonaxis,  E.  and  H.  Carlioniferous.  ClmopJii/lliiin, 

Dana.  Silurian  to  Carboniferous. 

Ornphi/ma,  Hai.  (Fig.  120).  Corallum  simple,  conical,  or  turbinate;  theca 
with  rootdike  processes.  Septa  numerous  ; the  four  principal  septa  in  shallow 
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fossula.  Surface  marked  with  piiinately  hranchiiig  striae.  Tabulae  numerous. 
Silurian. 

Clionnjthi/Uum,  E.  and  II.  Silurian  and  Devonian. 

Pftlcho]ih)ill unu  E.  and  H.  Simple  and  turbinate,  or  compo.site.  Each 

•Stock  is  composed  of  funnel-shaped,  invaginated 
layers,  representing  calicinal  bud.s,  the  marginal  lips 
of  which  are  more  or  less  reflected  outwards.  Se])ta 
numerous  and  strongly  twisted  in  the  centre  to  foi’in 
a p.seudo-coluniella  ; their  peripheral  edges  are  thick- 
ened and  are  fused  with  one  another  so  as  to  form 
a wall.  Silurian  (/'.  jinleUchuii,  Schlot.  sp.)  and 
Devonian. 


Fig.  123. 

J’lnllipsir.tlrcc"  Ili  iiiwhi,  K.  and  II.  Devonian  liniPstoni! ; Eber.silorf. 
Silesia.  «,  Upper  surface  ;//,  Transverse  section.  Natural  size. 


Ci/dojiiii/Ilinn,  Duncan  and  Thom.  Simple,  cvlindro-conical.  Sejita  numer- 
ous, the  longer  ones  forming  a thick  pseudo-columella  with  enclo.sed  spongv 
tissue. 

• d iilojjJn/l  I nil).  Yj.  and  II.,  ^■JspidojiJiyllnin,  Hhoih/jilii/lhnn,  Xich.  and  Thoms., 

etc.  Ciirboniferons. 

Lit  hod  rot  ion,  Llwyd.  (.SVy/u.w,  l\TCoy  ; Pefnla.rP,  E.  and  II.),  (Fig.  121). 
Ea.sciculate  or  astraeiform  stocks  composed  of  prisnmtic  or  cylindrical  corallites. 


Shniriii  E.  ami  11.  .Silurian  ; Gottlaud,  .Sweden,  -1,  Transverse  section  parallel  to  upper 

surface.  J:.  Enlarged  transverse  section  of  individual  corallite.  C,  Several  calices  from  above.  Natural  size 
(after  Nicholson). 


.Septa  numerous,  alternately  long  and  short.  .Styliform  columella  in  the  centre. 
Almndant  in  Carboniferous  limestone. 

Lonsdahiu,  M'Coy  (Eig.  122).  Fasciculate  or  astraeiform,  composite 
coralla.  .Septa  well  developed  ; columella  large,  composed  of  vertically  rolled 
lamellae.  Central  tabulate  area  bounded  by  an  interior  dissepimental  wall. 
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l)et’\ueen  -which  and  the  theca  vesicular  endotheca  is  aliundantly  dcveloj)ed. 
Common  in  Carboniferous  rocks. 

Stwmbode»,  Schweigg.  Astraeiform  stocks  composed  of  small  prismatic 
corallites.  Septa  extremely  numerous,  very  slender,  extending  to  the  centi-e. 
Theca  imperfectly  developed.  Visceral  chaml)er  filled  with  infundibuliform 
talmlae  and  vesicular  tissue.  Silurian  (S.  tijpus,  l\TCoy  s}).)  and  I)e-\'onian. 

Pachyphijllum,  Spougophyllum,  E.  and  H.  Silurian  and  Devonian. 

Acervularia,  vSchweigg.  Astraeiform  or  l)ushy  colonies.  Septa  stout  and 
numerous.  An  interior  Avail  is  present ; taluilae  are  deA’eloped  in  the  central 
area,  Avhile  the  peripheral  zone  is  filled  with  A'esicular  tissue.  Silurian  {A. 
ananas,  Lin.  sp.)  and  DeA’onian. 

PhiUipsastmea,  E.  and  H.  (Fig.  123).  Astraeiform  colonies,  Avith  indi- 
vidual corallites  united  by  confluent  septa,  Avhich  are  produced  lieyond  the 
theca,  and  obscure  the  same.  Interseptal  loculi  filled  Avith  vesicular  endotheca. 
DeA’onian  and  Cai'l)oniferous. 

Stauria,  E.  and  H.  (Fig.  124).  Astraeiform  or  bushy  composite  coralla. 
Septa  Avell  developed;  the  four  principal  septa  characterised  by  larger  size,  and 
forming  a complete  cross  in  centre  of  each  corallite.  Silurian  (Wenlock). 

Coliimnaria,  Goldf.  {Farisfellu,  Hall).  Astraeiform  stocks,  composed  of 
long,  polygonal,  thick-Avalled  corallites.  Septa  radially  arranged  in  tA\'o  cycles, 
alternately  long  and  short,  Ijarely  reaching  the  centre.  Taltulae  horizontal, 
disposed  at  regular  intervals  apart,  and  stretching  aci'oss  the  entire  A'isceral 
chamber.  Dissepiments  imperfectly  developed  or  absent.  Ordovician  to 
Devonian. 

Uderophjillia,  (M‘Coy.  Carlioniferous.  Baftershi/ia,  E.  and  H.  DeA’onian. 


Family  5.  Cystiphyllidae.  Milne-Edwanls  and  Haimt. 


Usually  simp>h  coralla.  Septa  very  thin  : interseptal  loculi  fillei.l  with  rcsiculai 
endotheca  or  compact  stereoplasrra.  Tabulae  absent ; central 
area  of  viscercd  chamber  either  completely  filled  -with  vesicular 
tissue  or  stereojjlasma,  or  containing  the  sunie  oidy  in  the 
lower  portions  of  chamber.  Calcareous  operculum  sometimes 
present. 

Cysti-phyllum,  Lonsd.  (Figs.  125,  126).  Simple,  very 
rarely  forming  bushy  colonies.  Calice  deep  ; the  entii'e 
A'isceral  chamber  filled  Avith  A'esicular  tissue,  Avhich,  as  a 
rule,  Avholly  obliterates  the  numerous  lineally  directed 
septa.  Silurian  and  Devonian. 

Strephodes,  M‘Coy  (Fig.  127).  Usually  simple  coralla. 

Septa  Avell  deA'eloped,  alternately  long  and  short,  some- 
times forming  a pseudo-columella.  Silurian  to  Carlion- 
iferous. 

Goniophyllum,  E.  and  H.  (Fig.  128).  Corallum  simple, 
in  the  form  of  a four-sided  pyramid,  and  coA'ered  Avith 
thick  epithecal  deposit.  Calice  deep ; septa  numerous, 
thick  and  \-ery  short.  Entire  visceral  chamber  filled  Avith 
A'esicular  and  stereoplasmic  endotheca.  Operculum  com- 
posed of  four  plates  symmetrically  paired.  Silurian. 

PJiizophyllum,  Lindst.  Corallum  simple,  jAyramidal, 


Fig.  1*25. 

CfistlphnU  II  Di  vesicido.‘<uhi . 
GoMf.  Devonian  ; Eifel. 
Natural  size. 


or  hemispherical. 


80 


COELENTEK  ATA— CNI  DARI  A 


SU15-BRAXCH  II 


Hilttened  on  one  side ; external  surface  corrugated,  and  sending  off  hollow, 
root-like  exotliecal  processes.  Calice  marked  with  septal  striae ; internal 


It 


Fig.  120. 

Cuatijihiilluin  culiiulriciuny  Lons'l.  ^Silurian  ; Iron  iiri'liiP, 
EiiLrlaml.  -1,  1>,  Transverse  ami  longitudinal  sections  (alter 
Nidiolson). 


Fk;.  127. 

Sti'ciihoilcs  Miirrhisoni^  Lons. 
Sliuwin^  stroiijily  developed 
dissepiments  and  tabulae. 


structure  consisting  of  ve.sicnlar  tissue  and 


I'lc.  i2>. 


oph iiU mu  pfi n uuhl. 
"I>.  liis.  sp.  Silurian; 
( iottland.  .1.  SpfciirM'n 
witli  npt*milum.  J>.  ( 'alice 
.-r-en  from  al)ove.  Natural 
>ize  (afli-r  IniiiLstrom). 


Fk..  121». 

('ch'Cfilc-  sninhiH)w,  Lam. 
Devonian  ; Kifel.  Natural 
size. 


ridges.  C.  mndnliun,  Lam.  Very  common 
rare  in  Carlionifcrous  Limestone  of  Belgium. 


stereoplasma.  Operculum  in  form 
of  semicircular  plate ; inner  sur- 
face traver.sed  hy  median  ridge 
and  fainter,  granulated,  parallel 
elevations.  Silurian. 

Calceohi,  Lam.  (Big.  129). 
Corallnm  sim})le,  senii-turliinate, 
or  slijiper-sliaped,  with  one  side 
flat  and  triangular.  Calice  very 
deep,  extending  nearly  to  ajiex, 
and  marked  internally  with  fine 
septal  striae.  Cardinal  sejituni 
])laced  in  the  centre  of  the  vaulted 
side,  counter  septum  in  middle  of 
flattened  side,  and  alar  septa  at 
the  angles.  Internal  structure 
compo.sed  of  fine  vesicular  ti.s.sue 
and  stereoplasma.  Operculum 
semicircular,  very  thick,  under 
surface  marked  with  prominent 
median  and  fainter  lateral  septal 
in  Middle  Devonian  of  Europe, 


Range  and  Distribution  of  the  Tetracoralla. 

The  typical  Tetracoralla  are  confined  to  the  Palaeozoic  rocks.  They  are 
unknown  in  the  Cambrian,  and  make  their  first  appearance  in  the  Ordovician, 
where  thev  are  sparsely  rejiresented  in  North  America  and  in  Europe.  Here 
the  most  aliundantly  distributed  genus  is  Sfreptelasmn ; Ciirithophyllum  and 
Pfi/choidii/Uiuii  being  of  rarer  occurrence.  The  period  of  maximum  development 
falls  in  the  Silurian,  which  contains  the  largest  number  of  genera  and  species. 
There  are  limestones  found  on  the  i.slands  of  Gottland  and  Dago  (Esthonia),  as 
well  as  at  Dudley,  Shropshire,  and  at  Lockport,  New  \ork,  and  other  jilaces  in 
North  America,  which  are  made  up  of  ancient  coral-reefs.  The  principal  agents 
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concerned  in  the  formation  of  these  reefs  were  CijcdhopliuUum,  Ileliophylluin, 
Omphyma,  Ptychophyllum,  Strombodes,  Acervularia,  Sfaiiria,  AulacophyUuin,  Cysii- 
phyllum,  etc.,  of  the  Teiracomlla,  liesides  numerous  Talmlata,  Odocomlla,  Bryozoa, 
and  Echinoderms.  The  Tefnicoralla  are  not  less  conspicuous  in  the  Devonian, 
especially  in  the  Middle  and  Upper  Devonian  of  the  Eifel  district,  Westphalia, 
Nassau,  Harz,  Boulogne,  England,  and  North  America.  Particularly  abundant 
here  are  the  genera  Cyathopliyllum,  Comhopihyllum,  Zuphrcntis,  Cystipliyllnm, 
Phillipsastraea,  Calceola,  etc.  Zaphrentis,  Amplexus,  Lithostrofion,  Lonsdaleia,  Ciiclo- 
phyllum.,  etc.,  predominate  in  the  Carboniferous  Limestone  of  Belgium,  England, 
Ireland,  and  North  America ; while  in  the  Zechstein  the  solitary  genus  known 
is  Polycoelia.  On  the  other  hand,  the  Permo-Carboniferous  rocks  of  the  Salt 
Range  in  Farther  India  and  of  the  island  Timor  contain  the  genera  Zaphrentis, 
Amplexus,  ClisiophyUum,  and  Lonsdaleia.  According  to  Freeh,  the  genera 
Gigantostylis,  Pinacophyllum,  and  Coccophyllum,  occurring  in  the  Alpine  Trias, 
belong  to  the  Tetracoralla  ; and  to  this  group  also  have  been  assigned  Holocystis, 
E.  and  H.,  from  the  Cretaceous,  and  the  recent  genera  Haplophyllum,  Pourtales, 
and  Gmjnia,  Duncan.  A number  of  Palaeozoic  Tetracoralla,  such  as  Battersbyia, 
Heterophyllia,  and  Stauria,  are  referred  by  Duncan  and  Nicholson  to  the  Hexa- 
coralla  (Astraeidae). 


Sub-Class  2.  HEXACORALLA.  Haeckel. 


1U4S39  5 7 -’TunSSIGl 
:10 :12:15  :13;14a7:  Iti  :11 : 11:16:17  : 14 :13 :15:12:10 : 


{Zoemtharia,  Blainville  ; Hexactinia  and  Polyadinia,  Ehrenberg.) 

Simple  or  composite  polyps,  with  radial  mesenteries  arising  in  cycles  of  six,  tivehe, 
or  multiples  of  six  ; frequently  with  calcareous 
corullum,  hut  sometimes  fleshy  or  with  horny 
axis. 

To  the  Hexacorcdla  lielong  the  calcai'eous 
reef-l)uilding  and  deep-sea  corals  {Madre- 
poraria)  of  the  present  day,  the  fleshy  sea- 
anemones  (Adiniaria),  and  those  forms 
characterised  by  the  secretion  of  a horny 
axis  {Antijxdharia).  Of  these  three  orders, 
only  the  Madreporaria  are  known  in  a fossil 
state.  These  forms  are  distinguished  from 
the  Tetracoralla  by  the  hexameral  system 
and  ladial  arrano'ement  of  mesenteries  and 

O 

septa ; and  from  the  Octocoralla,  in  addition 
to  the  above-named  characters,  by  their 
simple  tentacles.  In  the  Madreporaria,  six, 
or  more  rarely  twelve  principal  septa  spring 


Fig.  130. 

Iliagram  illustrating  Milne  - E^h^■al■ds  and 


from  the  base  of  the  theca,  and  betiveen  Haime’s  law  of  septal  growth  in  the  Hexacoralln . 
.1  i i • 1,  o,  Young  corallum  with  two  cycles  of  septa : 

these  new  septa  originate  in  such  manner  d,  Coraiium  with  three  cycles  of  septa;  c,  segi 

flvnf  oil  Gi 'n'l  1 1 n T‘l V ^ill’ll 0 tpfl  m P^Pii t PDi liP-  Di6nt  of  calico  witli  six  cycles  of  sejita.  (llie 
llldl  cUl  Simuaiiy  Sliuaiea  mtSeilLeneS  oe  i^u^ierals  above  Fig.  c indicate  tlie  or<ler  of  inser- 

come  simultaneously  provided  with  an  tion  of  new  septa.  The  concentric  dotted  lines 
jT,.  , n T mark  the  beginning  and  end  of  tlie  several  cycles  ; 

aaclltionai  septum.  i he  corallum,  accord-  the  ligm-es  on  the  left  indicate  the  order  of  cycles, 

ingly,  coiLsists  of  at  least  six,  but  usually 
of  a larger  numlier  of  septa,  ivhose  disposi- 
tion is  strictly  radial.  The  six  principal  septa  form  the  first  cycle,  and  at  the 
VOL.  I G 
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same  time  mark  oft'  the  lioumlaries  lietween  which  new  cycles  of  successively  six, 
twelve,  twenty-four  septa,  etc.,  are  inserted.  Tlie  septa  of  any  cycle  are  usually 
all  of  about  the  same  length  and  thickness,  those  of  the  later  cycles  being  almost 
invariably  of  lesser  proportions  than  those  of  the  earlier.  This  law  of  septal 
growth,  however,  which  was  first  accurately  determined  by  Milne-Ed wards  and 
Haime  (Fig.  130),  is  by  no  means  strictly  adhered  to.  Irregularities  in  the 
growth  of  new  sejita  may  result  in  a penta-,  hepta-,  or  octameral  arrangement. 
Keproduction  takes  place  either  sexually,  when  separate  indi\iduals  are  pro- 
duced ; or  asexually,  lyv  means  of  lateral  or  l)asal  gemmation  ; or  l>y  fission.  In 
composite  coralla,  the  individual  corallites  are  sometimes  united  liy  a common 
coenenchyma.  Endothecal  structures  are  freipiently  jiresent  in  the  form  of 
.synapticula,  dissepiments,  and  tal)ulae. 

Tlie  order  of  stone  corals  or  Madrejiorana  {Zocudhnria  sdcrodmiinfa)  was 
divided  by  ]\Iilne-Edwards  and  Haime  into  five  sub-orders:  llagosn,  Tahuhda, 
Tuhnlosit,  Ferfoivhi,  and  Of  these,  tlie  Ihufosa  have  been  elevated  by 

Haeckel  into  a separate  suli-class  under  the  name  of  TefracoraUa.  The  groups 
and  Perforata  are  called  Ile.mcoralla  ; while  the  affinities  of  the  TahuJata 
(with  which  the  'Tithulosa  are  now  generally  included)  are  still  uirsatisfactorily 
determined.  The  group  is  certainly  composed  of  a varied  a.ssemblage  of  forms, 
some  of  which  have  been  assigned  to  the  llemroralla,  some  to  the  Odororalla, 
and  some  to  the  Jli/Jrozoa  and  Pniazoa. 

[Miss  Ogilvie,  I).Sc.,  will  shortly  publish  a work  on  the  “Structure  and 
Classification  of  Corals,”  in  which  the  subdivi.sions  of  the  Madrcpuraria  into 
TetracoraUa  and  He.racorulla  are  entirely  abandoned,  on  the  ground  that  the  /cfre- 
merid  sejital  system  is  merely  an  ancestral  feature  strongly  marked  in  certain 
of  the  older  families,  while  hexumeral  septal  .symmetry  is  but  one  of  many  forms 
f)f  radial  symmetry  (pentameral,  octameral,  decameral,  dodecameral,  etc.), 
developed  in  the  course  of  time  within  this  group  of  corals.  The  further  sub- 
division of  Ilexacaralla  into  ^Ijmrosa  and  Perforata  is  also  discontinued  by  Miss 
Ogilvie,  who  clas,sifies  the  whole  of  the  Mudreporaria  (“stone  corals”)  into  a 
number  of  families  of  eipial  rank.  These  are : — ZajJirentidae,  CyathopJn/lliilae, 
^■l aqihiastraeidae  (a  new  family  of  Palaeozoic — Pecent  age,  including  Staaria, 
Colamaa ria,  Pinacophi/Ihna,  ^impliiadraea,  ylphmiilia,  Pujdii/llia,  etc.),  Turhinolidae 
(including  the  ('yafhaxonidae  and  TrodtosmiUnae),  Uculinidae,  Pocdloporidae  (in- 
cluding the  Stylop/iorinae  with  the  genera  Adrocoenia  and  Stephanoroenia),  Madre- 
paridae  (including  the  Tarhinarinae),  dtytinidae,  Adracidae  (excluding  the  Eur- 
lailiaae,  Edw.  and  H.),  Fuiujidae  (including  the  Thamnastraeinae),  Eupmmmidae 
(including  the  Stylophytlinae,  Epistreptaphyllum,  Diplaraea,  etc.),  Ardiaeoryathidae, 
and  Poritidae. — Thk  ArTHOR.] 

Order  1.  MADREPORARIA.  Milne-Edwards. 

Itadicdly  syaonetrical  sderodermous  corals  vnth  tyyjirally  hexameral  {rarely  pentu- 
meral,  lieptamcral,  or  octameral)  arraucjeiaent  of  septa. 

Sub-Order  A.  APOROSA.  Milne-Edwards  and  Haime. 

Septa  and  theca  compjuct ; intersepdid  loculi  usaally  partitioned  off  hy  dissepiments 
or  synaptioles,  mcrre  rarely  hy  tcdmlae,  seldom  ernpity  throughout.  Theca  either  in- 
dependently secreted,  or  formed  hy  fusion  of  the  septal  edges,  or  ahsent. 
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Family  1.  Turbinolidae.  Milne-Edwards  and  Haime. 


Comllum  simple,  venj  seldom,  composite ; septa  numerous,  Ion;/,  and  ivith  entire 
margins.  Interseptcd  loculi  ernptg  throughout.  Columella  usualhj,  pcdi  often  present. 
Theca  complete. 

The  TurhUiolidae  begin  in  the  Jurassic,  and  are  especially  abundant  in  the 
Tertiary  and  at  the  jii'esent  day.  Sexual  reproduction  preA'ails, 
although  a few  forms  multiply  l>y  gemmation  ; the  Imds,  how- 
ever, become  separated  from  the  parent  animal  at  an  early 
period. 

Turhinolia,  Lam.  (Fig.  131).  Corallum  free,  conical,  with 
circular  calice.  Septa  produced  outside  the  theca.  Styliform 


Fig.  131. 


Turhinolia  Boiver- 
hanJci,  E.  and  H. 
Eocene  ; Highgate, 
England,  ^h. 


Fig.  132. 


Ceratotrochiis  (iHodecimocostatuSy  Goldf.  sp.  Mio- 
cene; Baden,  near  Vienna.  Natural  size. 


ami  H.  Miocene ; Baden, 
near  Vienna.  Natural  size. 


columella  jn'esent.  Tertiary  and  Recent 
Paris  Basin,  and  Eocene  of  England. 

Sphenotrochus,  E.  and  H.  Free,  cuneiform,  with  elon- 
gated calice ; columella  foliaceous.  Cretaceous  to  Recent. 
S.  crispus,  Lam.  Common  in  Calcaire  drossier  of  the 
Paris  Basin. 

Srnilotrochus,  E.  and  H. ; Stglofrorhus,  From.;  Onchotrochus, 
Duncan.  Cretaceous ; Discotroclms,  E.  and  H.  Tertiary,  etc. 

Ceratotrochus,  E.  and  H.  (Fig.  132).  Horn-shaped; 

a h 


common  in  Calcaire  drossier  of  tlie 


Fig.  134. 


Trochncyathusconulus,  Frimi.  Aptian  ; 
Haute  Marne,  u.  Profile,  natural  size ; 
b,  Calice  eiilar"eil. 


Fig.  13u. 


Deltocjiatkvs  Italicus,  E.  and  H.  Mio- 
cene ; i’orzteicli,  Moravia,  n,  Profile, 
natural  size  ; b,  Calice  enlarged. 


Fig.  130. 

VuryophylliM  cynth  ns, 
Sol.  Recent.  Longitudi- 
nal section,  natural  size 
(after  Milne-Eihvards). 


young  forms  attached  at  the  apex.  Septa  very  numerous,  produced  above  the 
theca ; columella  fasciculate.  Cretaceous  to  Recent. 
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Flnhcllum,  Lesson.  (Fig.  133).  Wedge-shaped,  compressed,  isolated,  or 
attached.  .Septa  numerous.  Wall  covered  with  ejiitheca,  and  sometimes 
furnished  with  sjiinous  processes.  Tertiary  and  Kecent. 

Trochocyathus,  E.  and  H.  (Fig.  134).  Horn-shaped,  with  circular  calice. 
.Septa  stout ; columella  paj)illous  and  trabecular,  and  suri’ounded  hy  several 
cycles  of  pali.  Numerous  species  from  Lias  to  Kecent. 

Thecocyathm,  E.  and  II.  Dejiressed,  conical,  or  discoidal,  attached  early  in 
life,  later  becoming  free.  Wall  with  thick  ejhthecal  investment.  Calice 

circular,  septa  numerous ; columella  fasciculate,  and  surrounded  by  several 
cycles  of  pali.  Lias,  Jurassic,  Cretaceous,  and  Kecent. 

I’aracydihns,  Delfocyatlnis,  E.  ami  H.  Tertiary  and  Kecent.  Di.'icocyathuif, 
E.  and  II.  Jurassic.  Cot'nocyaflmx,  Acanthocyathus,  Bafliycyafhus,  E.  and  H.,  etc. 
Tertiary  and  Kecent. 

Caryophyllia,  Stokes  (Fig.  136).  Tui-binate,  with  bi-oad  base,  attached. 
Calice  circular  ; columella  papillous,  trabecuhir,  and  surrounded  by  a single 
cycle  of  pali.  Cretaceous  to  Kecent. 


Family  2.  Oculinidae.  Milne-Edwards  and  Haime. 

Inmriahly  composite  roraJIa,  increasing  hy  lateral  gemmation.  Walls  of  rorallites 
thichened  hy  a compact  coenenchyrna.  Lower  portion  of  visceral  chamber  narroivcd 
or  filled  lip  hif  deposition  of  stereoplasrna.  Septa  moderately  numerous ; interseptal 
loculi  usually  open  to  the  base.  Lias  to  Kecent ; fossil  foimis  not  jiarticularly 
numerous. 

(Jculina,  Lam.  Corallites  ii'regularly  or  spirally  distributed  over  the  smooth 
surface  of  coenenchyrna.  Sejita  slightly  projecting;  columella  papillous, 

surrounded  by  cycle  of  jiali.  Tertiary  and  Kecent. 
Agathelia,  Keuss.  Like  the  jireceding,  but  form- 
h ing  tuberous  or  loliate  colonies.  Cretaceous  and 

J’ertiary. 

Synhclia,  E.  and  II.  Cretaceous.  Astrohelia,  E. 
and  II.  Tertiary.  Psanimolielia,  Euhelia,  E.  and  H., 
etc.  Jurassic. 

Ilaplohelia,  Keuss.  Small,  arborescent,  with 
corallites  all  disposed  on  one  side  of  the  branches. 
Coenenchyrna  striated  or  granulated.  Septa  in 
EnmiMin  '"siHau,,  Quenst.  cycles  ; columella  and  pali  ]iresent.  Oligocene. 

Corai-iia-:  Natural  Enalloltelia,  E.  and  II.  (Fig.  137).  Stock 

size;  6,  Calice  enlarged.  ,•  i ,i  • , 

lirancliing;  corallites  dispo.sed  lusually  in  alternating 
sc(]uence  in  two  rows  along  the  sides  of  branches.  Coenenchyrna  highly 
developed,  striated,  or  granulated  ; columella  rudimentary.  Jurassic. 

Family  3.  Pocilloporidae.  Vcrrill. 

Composite,  branching,  lohate,  or  massive  colonies,  with  small  cylindrical  corallites, 
united  hy  compact  coenenchyrna.  Sepita  fev:  (6-24),  sometimes  rudimentary.  Tlscerul 
rhamher  partitioned  off  hy  horizontal  tabulae. 

Of  the  two  recent  genera  belonging  to  this  family,  I'ocillopora  and  Seriato- 
pjora,  Lam.,  the  former  occurs  also  fossil  in  the  Tertiary. 
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Family  4.  Stylophoridae.  Milne-Edwards  and  Haime. 

Composite  coralla,  with  corallites  united  hj  vesicular  or  compact  coenenchyma. 
Septa  well  developied,  forming  a central 
columella ; interseptal  loculi  empty 
throughout.  Jurassic  to  Recent. 

Stylophora,  Schweig.  (Fig.  138). 

Stock  branching,  or  depressed, 
massive,  and  tuberous.  Calices  small, 
embedded  in  abundant,  at  the  surface 
spinous,  coenenchyma.  Septa  veil 
developed,  moderately  numerous  ; 
columella  styliform. 
tiary,  and  Recent. 

.xiraeflcis,  E.  and  H.  Eocene.  Stylohelia,^.  Jurassic  and  Cretaceous. 


Fig.  138. 

stylophora  suhretlcvMta,  Reuss.  Miocene ; Grund,  near 
Jurassic  Ter-  Vienna,  a,  Corallum,  natural  size;  h,  Surface  greatly 
’ enlarged. 


Family  5.  Astraeidae.  Milne-Edwards  and  Haime. 

Corallum  composite,  or  more  rarely  simple.  Theca  formed  by  fusion  of  septal 
edges.  Septa  numerous,  usually  well  developed;  visceral  chamber  partitioned  off  by 
mofre  or  less  abundantly  developed  dissepiments,  more  rarely  by  tabulae.  Multiplication 
by  budding  or  fission.  Corallites  of  massive  colonies  usually  reaching  considerable 
altitude,  and  united  with  one  another  either  directly  by  the  wcdls  or  by  means  of  septa 
exMhecally  ptroduced  {costal  septa). 

Very  abundant  from  the  Trias  onwards,  and  by  far  the  most  protean  family 
of  all  the  Hemcorcdla.  According  to  the  serrated  or  entire  character  of  the 
free  septal  edges,  Milne-Echvards  divides  the  Astraeidae  into  two  sub-families — 
the  Astraeinae  and  the  Uusmiliinae. 


Sub-Family  A.  Astraeinae.  Milne-Ed wards  and  Haime. 

Upper  septal  edges  toothed,  serrated,  or  lohdar. 
a.  Simple  corcdla. 

Montlivaultia,  Lanix.  (Fig.  139).'  Cylindrical,  conical,  turbinate,  or  dis- 
coidal,  and  either  acutely  pointed,  or  broadly  expanded  at  the  base.  Septa 


Fig.  139. 


Montlivaultia  caryophyllata,  Laiiix.  sp.  Great 
Oolite  ; Caen,  Calvados.  Natural  size. 


Fig.  140. 


Leptophyllia  sinv.osa,  From.  Neocomian ; 
St.  Dizier,  Haut-Marne.  Natural  size. 


numerous,  upper  edges  serrated.  Columella  absent ; epitheca  thick,  corrugated, 
readily  becoming  detached.  Common  in  Triassic  and  -Jurassic  ; somewhat  rare 
in  Cretaceous  and  Tertiary. 

Leptojohyllia,  Reuss  (Fig.  140).  Like  the  preceding,  but  ivithout  epitheca, 
and  attached  by  broad  base.  Jurassic  and  Cretaceous. 


8G 


COELEXTEKATA— AXTHOZOA 


SUI?-nRA^■CH  II 


Lithopli ulUa,  E.  and 
Miocene  and  Recent. 


H.  Like  the  preceding,  Imt  with  vesicular  columella. 


inaru' 


inal 


/i.  SinqjJe  coralla  or  composite  colonies  mnlfijili/ing  In/  aiJirimil  or  murc/inal 

(jemnuition. 

tifi/lophi/llum,  Reuss.  Corallum  simple,  either  with  oi-  without  calicinal  or 
gemmation,  or  forming  massive  colonies.  Septa  stout,  hut  oidy 
interiorly  comjilete,  terminating  al)ove  in  strong  vertical 
spines.  I )issei)iments  vesicular;  wall  covered  with 
ejiitheca.  Alj)ine  Ti’ias. 

Styloph  i/llopsis,  Freeh.  Simple  or  impei-fectly  hranch- 
ing.  Septa  teiminating  near  the  centi-e  in  detached 
vertical  spines.  Alpine  Tiias. 

y.  Bushy  cdlonies  muKiph/unj  hy  lateral  gemmation. 

(.'lajlocura,  Ehrhg.  Corallum  composed  of  long 
cylinilrical  hranches,  free  on  all  sides.  Calice  circular; 
sejita  well  develojied  ; columella  papillous  ; cycle  of  jiali 
present.  Jni-a.ssic  to  Recent. 

Stylocora,  Reuss  (Fig.  141).  Blanches  cylindrical;  septa  stout,  those  of  the 
first  cycle  with  columnar  thickenings  on  inner  edges ; columella  styliform. 
Cretaceous  and  Miocene. 

lieurocora,  F.  and  11.  Cretaceous.  Uoniocora,  F.  and  II.  Tria.ssic  and 
Jurassic. 


Fig.  141. 


St/ilocom  exiUs,  Reu.ss.  Jlio- 
ciMie  ; Niwlerleis,  Austria, 
",  Corallum  in  natural  size. 
b,  C'aliee  enlargeil  (after  Reiis.s). 


(1.  Composite  rorallites  multijilyiiig  hy  hasal  gemmation, ; Imds  arising  from  stohms 

or  hasal  expansions. 

Bhhangia,  E.  and  II.  (Fig.  142).  Corallites  united  hy  short,  suh-cylindrical 
stolons.  Calicos  shallow,  circnlar;  colnmella  jiapillou.s.  Cretaceous  and  Tertiary. 
Latusastraea,  d’Orli.  Corallites  aiising  from  common  hasal  exjiansion,  short 


Hhiztiiifjifi  Mirhelini,  Reuss. 
Mi'Mle  < 'rel<Tceous : (iosau  Valley, 
Austria.  Xatural  size  (after  Heuss). 


f'loihnigio.  rotiferta,  Heuss.  Miocene;  Riscliof- 
swart,  Moravia.  o,  (’oralluni,  natural  size  ; 
h,  (’alice  enlarj;erl  (after  Heuss). 


and  strongly  inclined  to  one  .side,  so  that  the  calices  acquire  a semicircular 
contour  and  assume  the  form  of  protruded  lips.  Jurassic  and  Cretaceous. 

Bstrangia,  Cryptangia,  I'hyllangia,  Cladangia,  Ulangia,  F.  and  II,  etc. 
'rertiary  and  Recent. 

€.  Massive  coralla  multijilying  hy  lateral  gemmation. 

Heliastraea,  F.  and  II.  (Fig.  144).  Cylindrical  corallites  united  hy  exothecally 
jiroduced,  confluent,  costal  septa.  Columella  spongy  ; dissepiments  numerous 
hetiveen  the  septa  both  within  and  exterior  to  the  theca.  Jura.ssic  to  Recent. 
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Fig.  14.5. 

Isastmm  keUanthovIes,  Goldf. 
sp.  Coral  - Rag  ; Xattheiiii. 
Xatnral  size. 


Pledastraea,  From.  Like  the  preceding,  hut  with  several  pali  in  front  of 
all  the  cycles  excejiting  the 
last.  Tertiary  and  Recent. 

Isastraea,  E.  and  H.  (Fig. 

145) .  Corallites  prismatic, 
closely  crowded,  and  with 
fused  walls.  Calices  poly- 
gonal ; columella  impei'fect 
or  absent.  Trias  to  Cre- 
taceous. 

Latiinaeandra,  d’Orb.  (Fig. 

146) .  Like  the  preceding, 
but  with  the  calices  situated 
in  short  furrows.  Trias  to 
Cretaceous. 

Stylastmea,  From.  Lias. 

Ampliiastraea,  From.  Upper 
Jurassic.  Leptastraea,  Solen- 
nstniea,  Prionastram,  E.  and  H., 
etc.  Tertiary  and  Recent. 

Massive  coralla  mnltiplijing 
hy  fission. 

Facia,  Oken  (Fig.  147). 

Corallum  massive ; calices 
oval  or  distorted,  and  united 
by  confluent  costal  septa ; columella  spongy.  Jurassic  to  Recent. 

Goniastraea,  E.  and  H.  Corallites  prismatic,  calices  polygonal.  Septa  well 


Fig.  144. 

Udiastmea  conoicJen,  Reiiss. 
Pliocene ; Enzesfeld,  near 
Vienna,  a,  Corallum,  natural 
size  ; h,  Calices  enlarged. 


Litimaeamlra  seriata, 
Beck.  Coral-Rag ; Natt- 
lieim.  Natural  size 
(after  Becker). 


Fig.  147. 

Fdcia  caryophylloitJe^, 
From.  Corai-Rag;  Natt- 
lieim.  Natural  size. 


Fig.  14S. 

Calamoplnillia  Siokesi,  E.  and  H. 
Coral-Rag;  Steeple  Ashton,  England. 
Natural  size. 


Fig.  140. 

TJiccosmil  ia  t neliotoma , 

Gol<lf.  sp.  Coral-Rag;  Natt- 
lieim.  Natural  size. 


ileveloped ; columella  spongy ; pali  in  front  of  all  cycles  excepting  the  last. 
Cretaceous  to  Recent. 

g.  Branching  coralla  multiplying  by  fission. 

Calamophyllia,  Blainv.  (Phabdophyllia,  E.  and  H.  ; lAthodcnd ron,  p.  Mich.), 
(Fig.  148).  Colony  fasciculate  or  Imshy;  corallites  very  long,  cylindrical. 


88 


COELEXTEKATA— ANTHOZOA 


SUB-1!KAXCH  II 


Wall  costate,  without  epitlieca ; columella  ahseiit.  Trias,  Jurassic,  and  Ter- 
tiary. Especially  common  in  Alpine  Trias.  C.  clathruta,  Ihnmrich  sj). 

Thecosmilia,  E.  and  H.  (Fig.  149).  Colony  Inrshy,  calices  dividing  hy  fission, 
anil  more  or  less  free.  Epitlieca  corrugated,  readily  wearing  away  ; columella 
absent  or  rudimentary.  Trias  to  Tertiary.  According  to  Freeh  identical  with 
Calumophi/Uia.  Very  common  in  Triassic  and  Jurassic. 

BaryphtjUia,  From.  llijinenophijUia,  E.  and  IL,  etc.  Cretaceous. 


6.  Coralla  icith  confluent  calices  increasin;/  hy  fission. 

Leptoriu,  E.  and  11.  (Fig.  150).  Corallum  massive,  composed  of  labyrinthic 
rows  of  confluent  corallites  with  fused  walls.  Septa  closely  crowded,  approach- 

ingparallelism;  columella foliaceous. 
Jurassic  to  Tertiary. 

Di/iloriu,  E.  and  II.  Like  the 
])receding,  but  with  corallites  united 
by  produced  costal  septa  instead  of 
directly  by  their  walls.  Cretaceous 
to  Kecent. 

Aspidisens,  Kbnig.  (Fig.  151). 
Corallum  di.scoidal,  circiilai',  or 
ellij)tical,  covered  on  lower  side 
with  wrinkled  epitlieca.  Calicinal 
furrows  radiating  from  the  centre 
outwards,  and  separated  from  one 
In  the  centrifugally  di.sposed  corallites  the 
outermost  septa  ai'e  thickened,  and  form  liy  their  union  a banded  margin. 
Cretaceous. 

Sfihoria,  Etall.  Jurassic.  Stclloria,  d’Orb. 

Cretaceous  to  Kecent.  Synqdiyllia,  E.  and  II. 


Fig.  I.jO. 

Leptoriu  Koitinckt,  Uiniss. 
Upper  Cretaceous  ; Gu.sau  Valh*y. 
Natural  size. 


Fig.  lol. 

Asjiiii  iscus  rri.'itff  ( us, 
Konig,  Mi'Mle  ('reta- 
eeous  : Jiatiia,  Algeria. 
Natural  size*. 


another  l»y  sharply  crested  ridges. 


Cretaceous.  Maeundrina,  Lam. 
Tertiary  and  Kecent. 


Sub-Family  B.  EusMU.iix.vK.  Milne-EtlwarJs  ami  llaime. 


Upper  sepital  edges  entire,  not  serrated. 


a.  Simple  coralla. 


Truchosmilia,  E.  and  II.  (Fig.  152). 


Turbinate,  base  acutely  pointed  or 


Fig.  1.V2. 


Trochosmilio  fjronifcrd,  Itaiine.  Turoniaii ; Bains-de- 
Heimes,  France.  <k  ProtiIe;  ,Zy,  Calice  slightly  enlarged 
(after  Froinentel). 


Fig.  103. 

Coelosm  ilia  hijra, 
E.  and  H.  White 
Chalk ; Liinehurg, 
Hanover.  Natural 
.size. 


riamsmilia  cv neiforiaiH,Vj. 
an«l  H.  Upper  Cretaceous  ; 
St.  Gilgen  on  Wolfgang.see, 
Austria.  Natural  size. 


encrusting.  Septa  numerous,  extending  to  the  centre.  AVall  without  ejiitheca, 
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costae  granulated.  Columella  alisent,  dissepiments  numerous.  Cretaceous  and 
Tertiary. 

Coelosmilia,  E.  and  H.  (Fig.  1-53).  Like  the  preceding,  but  M'ith  dissepi- 
ments sparsely  developed.  Cretaceous  and  Recent. 

Placosmiliu,  E.  and  H.  (Fig.  154).  Cuneiform,  Imse  acutely  pointed  or 
slightly  pedunculate.  Calice  laterally  compressed,  elongated.  Septa  numerous  ; 
dissepiments  abundant ; columella  foliaceous.  Epitheca  al)sent ; costae  granu- 
lated. Cretaceous. 

Diplodeniim,  Cxoldf.  Calice  laterally  compressed,  greatly  elongated  in 
transverse  direction,  and  lient  doivnwards  at  the  ends  so  as  to  become  crescent- 
shaped.  Columella  and  epitheca  absent.  Costae  dichotomously  or  tricho- 
tomously  furcate.  Upper  Cretaceous. 

Axosmilia,  E.  and  H.  Jurassic.  Pliyllosmilia,  From.  Cretaceous.  I^nplio- 
smilici,  E.  and  H.  Cretaceous  and  Recent. 

/3.  Coralla  multiplying  hy  lateral  gemmation. 

Placophyllia,  d’Orl).  (Fig.  155).  Buds  originating  on  calicinal  margin  or 
sides,  and  giving  rise  to  bushy  or  massive  colonies.  Columella  styliform. 
Jurassic. 

Galaxea,  Oken.  Bushy  colonies  with  cylindrical  corallites  united  by  layers 
of  finely  vesicular  epitheca  {gjerithecu).  Recent. 

Stylina,  Lam.  (Fig.  156).  IMassive  colonies,  with  corallites  united  by  co- 
alescent  costae.  Septa  well  developed,  disposed  in  six,  eight,  or  ten  cycles. 


Fig.  155. 


h 


Fn;.  15t>. 


Placophyllia  dianthus,  GoUIf.  sj). 
Coral-Rag;  Xattheiin.  a,  Coralluin, 
natural  size  ; h,  Calice  enlarged. 


Stylina.  Ddabechei , E.  and  H.  Coral-Rag  ; Steeple 
Ashton,  England.  c,  Natural  size ; 5,  Calices 

enlarged. 


Dissepiments  numerous  ; columella  styliform.  Multiplication  by  costal  gemma- 
tion. Profuse  in  Trias,  Jurassic,  and  Cretaceous. 

Placocoenia,  d’Orb ; Cryptocoenia,  E.  and  H.  Jurassic  and  Cretaceous. 

Cyathophora,  Mich.  Massive  colonies,  with  corallites  united  by  costae. 
Septa  short,  not  reaching  the  centre ; columella  absent.  A isceral  chamber 
partitioned  oft’  by  horizontal  tabulae.  Jurassic  and  Cretaceous. 

Coccophijllum,  Reuss.  Massive  colonies,  with  corallites  united  directly  by 
their  walls.  Calices  polygonal,  sejita  numerous.  Columella  alisent ; visceral 
chamber  tabulated.  Alpine  Trias. 

Pinacophyllum,  Freeh.  Triassic. 

Plolocystis,  Lonsd.  Massive  colonies,  with  corallites  united  l iy  costae.  I our 
of  the  septa  larger  or  stouter  than  the  rest.  Tabulae  in  visceral  chandler. 
Cretaceous. 
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A-‘‘frocoeniit,  E.  iiiid  II.  (Fig.  157).  Massive  colonies.  Corallites  polygonal, 
united  by  their  walls ; septa  numerous,  long.  Columella  styliform ; only 

dissepiments  present  in  vi.sceral 
chamber.  Trias  to  Tertiary. 

Stephnwroenia,  E.  and  II. 
Like  the  jireceding,  but  with 
columella  surrounded  l)y  cycle  of 
pali.  Trias  to  Eecent. 

1‘hijUocoenia,  E.  and  II.  {Coti- 
jumdrned,  d’(3rb.  ; ^Idehidraen, 
Keuss).  ^Ia.ssive  colonies.  Coral- 
lites round  or  oval,  imperfectly 
united  by  costae.  Septa  strongly 
developed,  thickened  in  the  middle  between  theca  and  the  centre.  Columella 
rudimentary.  Trias  to  Tertiary. 

Coil rc.md rued,  d’Orb.  ; Ti'ias  to  Ci’etaceous.  Cohirividsfriieii,  Sti/loroenid,  E. 
and  II.,  etc.  ; Cretaceous  and  Tertiaiy. 


Fio.  157. 


Aslroc  icnid  ilcccpJniUi'^  E.  and  H.  Uppf'r  CretacPous  ; Go.'-au 
Valley,  An.stria.  e,  (.'orallnm,  natural  size  ; Ij,  Calices  enlar^eil. 


y.  CoraUd  miiUipIi/iiiij  hif  Jissimi. 

JldploAiiiiliii,  d'Orb.  Bushy  colonies.  C’orallites  usually  with  dichotomously 
diviiling  crests.  Calices  circular  or  elongated;  columella  styliform  ; theca  with 
ridge-like  costae.  Jura.ssic. 

l'Ioroji]ii/l]id,  Keuss  (Eig.  158).  Branching,  foliaceous,  or  massive  colonies. 


Kifj.  i.Vj. 

Uhiplihiifiira  crdsmn,  l-Ynm.  C!oral*HaK»  Oray, 
llanli'-.Sa'dM*.  i/o  natnral  siz«*. 


Fn;.  lOs. 

J^InrojihifUI'i  mhif'iijiihi , l{»»u.ss.  ; Monte 

F.irlotta,  near  Vic**nza.  Natural  sv/.t\ 


Corallites  cither  becoming  free  or  grouped  into  detached  rows.  Columella 
absent.  Tertiary. 

lliiriisiiiilid,  E.  and  II.  Corallum  massive,  foiming  a thick  .stem,  the  ajiex 
of  which  is  covered  with  shoil  Imds.  Calices  oval,  .sometimes  disposed  in 
series  ; columella  rudimentary.  Cretaceous. 

Sfeno.-nniJid^  Ei'om.  Like  the  preceding,  but  with  lamellar  columella. 
Cretaceous. 

J’drliijiiiirii^  E.  and  II.  Coi'allites  arranged  in  winding  rows,  and  united  by 
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liroad  mass  of  costal  coeiieiicliyma.  Columella  lamellar.  Jurassic  and 
Cretaceous. 

Phytogyra,  d’Orb.  Jurassic  and  Cretaceous. 

PJiipidogym,  E.  and  H.  (Fig.  159).  Corallum  fan-shaped,  often  corrugated, 
and  with  hut  a single  caliciilar  furrow.  Columella  lamellar.  Jurassic  and 
Cretaceous. 


Family  6.  Fungidae.  Milne-EdwarJs  and  Hainie. 


Simple  comlla,  or  loto,  laterally  expanding  colonies.  Septa  numerous,  upper  edges 
serrated;  synapticula  {rarely  also  dissepiments)  hetiveen  the  septa.  JPall  hetween 
individual  corallites  absent,  hut 
developed  on  under  side  of 
colonies.  Pieproduction  sexual 
or  by  gemmation.  Jurassic  to 
Recent. 


Fungiu,  Lam.  p.p.  emend. 
Dana.  Corallum  simple,  de- 
pressed, discoidal.  Septa  very 
numerous,  I'arying  in  length 
and  thickness,  united  only  hy 
synapticula,  and  projecting  on 
the  lower  side  as  dentated 
costae.  Theca  absent.  Post- 
pliocene and  Recent. 

Mieroseris,  From.  (Fig. 
160).  Corallum  simple,  dis- 


Fig.  100. 


Mieroseris  heniUpharricay  From.  Greensaml  (Cenomanian);  Lp 
^lans,  France,  a and  h,  Upper  and  lower  surfaces,  enlarged  ; 
r,  Prolile,  natural  si'^e. 


coidal,  circular ; upper  side  vaulted,  lower  flat  and  granulated.  Cretaceous. 
Trorhoseris,  E.  and  H.  Tertiary  and  Recent. 

Cyathoseris,  F.  and  H.  (Fig.  161).  Corallum  turlnnate,  attached. 


Young 


Cijathoseris  suhrcgvlaris,  Reuss.  oiigocene;  Monte  Carlotta,  near  Vicenza,  Italy. 

«,  Top  view  ; h,  8ide  view,  natural  size. 

corallites  arising  from  periphery  liy  costal  gemmation.  Common  outci'  Avail 
naked,  striated.  Cretaceous  and  Tertiary. 

Lophoseris,  E.  and  H. ; Mycedium,  Oken ; Agaricia,  Lam.,  etc.  Tertiary  and 
Recent. 
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Sri!-RRANCH  II 


Sub-Order  B.  PERFORATA.  Milne  Edwards  and  Haime. 

Skeleton  huilt  up  0/  small  culrareous  bodies  {sclerifes),  hefween  which  are  emp>tii 
interstices  of  (jreater  or  lesser  size.  Thera  formed  hi/  fusion  of  outer  septal  edges  or 
ahsent.  Interseptal  loculi  emjdp  throughout  or  traversed  Inj  synaptirula  or  dissepiments. 

1 Eaniily  1.  Archaeocyathidae.  ■ Walcott. 

Simple,  turbinate,  or  sidj- cylindrical  coralla.  Septa  and  them  porous;  inner 
septal  edges  united  by  perforated  interior  wall,  which  encloses  a hollow  central  space. 
Synapticula  present  in  interseptal  loculi. 

All  the  genera  described  up  to  the  present  time  {Archaeocyathus,  Bill.  ; 
Ethmophyllum,  Meek;  Spirocyathus,  Ilinde;  Frotojdiaretra,  Borncm.,  etc.)  arc 
restricted  to  the  Cambrian  rocks  of  Canada,  North  America,  Spain,  and 
Sardinia.  They  represent  possibl}'  a distinct  order  of  the  Madreporaria. 


Family  2.  Eupsammidae.  Milne-Edwanls  and  Haime. 


Comllum  simple  or  becoming  compiosite  by  lateral  gemmation.  Septa  eery 
numerous,  sometimes  united  by  synapticula,  and  fmpiently  with  their  inner  edges 
fused,  together.  Theca  naked  or  covered  icith  epitheca,  and  formed  by  thickening  of  the 
septal  edges.  Silurian  to  Recent. 

Cidostylis,  Linds.  Corallnm  sinpile,  snb  - cylindi’ical,  or  composite  and 
mnltiplying  by  lateral  gemmation.  Septa  very  nnmerous,  of  s])ongy  con- 


n;-j. 


E II  p.'in  11:  III ! II 

f roc h i fn  r ui  i .>«, 
I’allas.  Cal. 
cain*  (ir()s.«<if*r : 
Cliaussy.  near 
Paris.  Natural 
s\7.o. 


II 


I'ii..  IC.B. 

Ilohi  nophijUiii  riniinto,  Heuss. 
Oli^'oeeiie  ; Waldlmckellieini, 
Prussia.  a.  Natural  size; 
h,  Numlier  of  .septa  enlarged. 


a r h 


P’k;.  P>4. 


SfrphfiuoiihiilHii  flcgmis,  Broun  sp.  Pliocene; 
Stazzano,  m*ar  Modena,  Italy,  o and  b,  Upper 
aii'l  lower  surfaces,  enlarged;  c,  Prolile,  natural 
size. 


sistency,  and  either  fused  together  or  united  by  .synajiticnla.  Columella  thick, 
spongy  ; wall  covered  with  ejiitheca.  Sihu'ian  ; Gottland. 

llapdaraea,  IMilasch.  Simple,  cylindrical  coralla,  with  broad  encrusting  ba,sc. 
Septa  nnmerous,  e.xtcnding  to  the  centre,  jierforated  by  large  apertures,  and 
sometimes  fused  together  or  united  by  synajiticula.  Traversa  also  present,  but 
no  columella.  Jurassic  and  Cretaceous. 

* IJilli'/ir/.i.  E..  Palaeozoic  Fo.s.sils  of  Canada.  I..  1861-6.0. — WoJentt,  C.  />..  Bull.  U.  S.  Geol. 
Survey,  Xo.  30,  1886. — Jlonieinaini,  .T.  <i..  Ver-iteineruiigeu  de.-;  Caiuliri.schen  Sy.steiiis  vou  Sardinieii, 
1886. — llimlc.  (>'.  J.,  Quart.  .Jourii.  Geol.  Soc.  vol.  XLV.,  1889,  ji.  125. 
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Eupsammia,  E.  and  H.  (Fig.  162).  Conical  or  turbinate,  acutely  pointed, 
free.  Septa  very  numerous,  arranged  in  five  cycles,  those  of  the  last  cycle 
stouter  than  the  rest.  Columella  present  or  absent.  ,, 

Eocene  to  Recent. 

Balanophijllia,  Wood  (Fig.  163).  Simple,  sub- 
cylindrical,  with  broad  encrusting  base.  Columella 
spongy;  septa  closely  crowded,  partly  fused  together. 

Eocene  to  Recent. 

Stephanophyllia,  Mich.  (Fig. 

164).  Simple,  discoidal ; base 
horizontal,  calice  circular.  Septa 
numerous  ; the  six  principal  septa 
extending  to  the  centre,  the  re- 
mainder with  fused  inner  edges. 

Cretaceous  and  Tertiary. 

Dendrophijllia,  Blv.  (Fig.  165). 

Coralliim  branching,  increasing 
by  lateral  gemmation.  Calices 
oval ; septa  numerous  and  slender, 
those  of  the  last  cycle  extending 
to  the  spongy  columella,  and  fused  with  the  converging  ends  of  shorter  septa 
of  preceding  cycle.  Tertiary  and  Recent. 

Lobopsammia,  Stereopsammia,  E.  and  H. ; Eocene.  Astwides,  E.  and  H.  ; 
Recent. 


Fig.  165. 

Dendrophyllia  eJegans,  Duncan.  Oli^^ocene 


England,  a,  Coralluin, 
of  calice,  enlarged. 


Brockenliurst, 
natural  size ; 5,  Transverse  section 


Family  3.  Thamnastraeidae,  Reuss. 

{Pseiidoasiraeidae  and  Pseudoagaricinm,  Pratz.) 

Simple  coralla,  or  composite,  basalt y expaiuled  or  massive  colonies.  Septa  numer- 
ous, more  or  less  perforcde,  and  composed  of  calcareous  bodies  (trabeculae)  arrancjed  in 


h 


Cyclolites  undulcUa,  Lani.  Upper  Cretaceous  ; Gosau  Valley,  Salzkammergut.  n,  Side  view  ; 
5,  Lower  surface  ; c,  Lateral  aspect  of  septum,  natural  size. 


vertical  or  fan-shapied  rows.  Theca  between  individual  corallites  absent,  hut  present  on 
under  side  of  corallites  or  on  lower  side  of  the  common  stock.  Interseptcd  loculi  tcitli 
synapticulae  and  dissepiments.  Abundant  from  Trias  to  Cretaceous  ; rarer  in 
Tertiary  and  Recent. 

Anabacia,  E.  and  H.  Simple,  free,  discoidal,  or  lenticular  coralla,  with  flat 
base.  Upper  side  vaulted,  calice  slit-like.  Septa  very  numerous,  thin,  and 
united  by  synapticulae.  Theca  absent.  Jurassic. 
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(knahaciu,  Iv  and  II.  Like  the  preceding  l)ut  composite,  the  central  calico 
being  siUTounded  liy  a row  of  smaller  calices.  Jurassic. 

Jlicniharia,  PI.  and  II.  Cretaceous. 

OrnjjJiahi/iJii/Uia,  Lauhe.  Simple,  turlhnate,  or  suh-cylindrical,  attached,  and 
coi  ered  with  epitheca.  Septa  very  numerous,  upper  edges  granulated.  Calice 
shallow,  columella  styliform.  Alpine  Trias. 

Ci/clolik.%  Lam.  (P’ig.  16G).  Simiile,  free,  di.scoidal,  upper  side  vaulted, 
lower  hat  and  covei-ed  with  corrugated  epitheca.  Septa  veiy  thin,  extending 

A 


V 
i 

8 
1 

FiC.  U57. 

Thinniii'slrani  jirrillfirif,  Jit-ckt-r.  L'iiiiit  .Jurassic  ; Nattlicim,  WurttcnilMTi.'.  A,  Coralliiui,  natural  .size  • 
ir,  (■omuiou  wall.  II,  Lateral  surface  of  costal  seiitum,  eiilarenl  (s/p,  .sliowiut:  trabecular  coiistitiitioii  ; vi  Liiu’ 
ol  junction  ol  two  septa  belouein^'  to  ilitl'ereiit  corallites ; I,  Tnibeculae  ; p,  Trabecular  lacunae  (after  I’ralz) 
r,  Tlwniiiiistritra  Guldf.  Up]>er  Cretaceous;  Gosau,  Salzkaiumereut.  I’orlioii  of  ui)i)er  surface  of 

<'oralluui,  natural  size. 

to  the  centre,  extremely  numerous,  composed  of  vertical  rows  of  trabeculae,  and 
united  Iw  syna])ticulae  and  dissepiments.  Very  alnmdant  in  Cretaceoibs,  rare 
in  Jurassic  and  Eocene. 

Till ( III misfruea,  Le  Sauvage  (Phg.  167).  Composite,  laterally  expanded  and 
pedunculate,  or  mushroom-shaped  coralla.  Common  wall  restricted  to  lower 

.side  of  corallum  ; individual  corallites  without 
[iroper  walls,  but  united  liy  costal  septa. 
Columella  styliform  or  rudimentary.  Septa 
well  developed,  composed  of  fan-shaped  rows 
of  cylindrical  trabeculae,  and  united  by  synap- 
ticulae  and  di.ssepiments.  Very  abundant 
from  Trias  to  Oligocene. 

Diinorphasfraea,  d’Orb.  Like  the  jjreced- 
ing,  l)Ut  with  calices  concentrically  ananged 
about  a central  individual.  Trias  to  Tertiary. 

Comiisrrk,  d’Orb.  (Pdg.  168).  Like  Thmn- 
luisfram,  Imt  with  calices  separated  into  groups 
by  ascending  hexuous  ridges.  Jurassic  ;ind 
Tertiary. 

AstracoinoqiJia,  Keuss.  Coralla  composite, 
tuberous,  basally  expanded,  or  liranching, 
and  coi  ered  with  corrugated  epitheca.  ( orallites  small,  united  liy  short  and 
stout  costal  septa  ; columella  styliform.  Trias  to  Oligocene. 

Micnmkna,  Lamx.  ; Trias  and  Jura.ssic.  Diuiurphamea,  From.;  Jura.ssic. 


Fiji.  lOS. 

(^'oiiwsci'h  rnnf  iia,  I^euss.  Oli;ioceii(‘ ; 
Muiitf’i  C’aiiotta,  iiaer  Vicenza.  Twice  eii- 
largeil. 
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Family  4.  Poritidae.  Dana. 

Composite  coralla  composed  of  porous  sclerencJi//ma.  Corallifes  small ; septa  as  a 
rule  only  moderately  numerous,  sometimes  reprresented  hy  rows  of  trcdiectdae  or  honellae. 
Theca  absent. 


Sub-Family  A.  Spongiojiorphinae.  Frecli. 

Corallum  composed  of  thick  trabeculae  and  strengthened  by  horizontal  synaptkulae. 
Calices  very  imperfectly  differeidiated  from  coenenchyrnu,  and  without  distinct  septa. 
Dissepiments  nsucdly  sparsely  developed. 

Of  the  genera  belonging  to  this  suli-family,  Spongiomorpha,  Ileptastylis,  and 
Strornatomoipha,  Freeh,  are  found  in  the  Alpine  Trias  (Rhaetic  and  Zlainbach 
Schichten).  These  are  all  tuberous,  composite  coralla  of  extremely  iri-egnlar 
form.  In  Spongiomorpha  and  Ileptastylis,  six  sejita  are  indicated  liy  some-udiat 
regularly  disposed  columns  of  trabeculae  ; and  in  the  latter  form  these  are 
bound  together  by  synapticulae  which  are  projected  at  equal  altitudes,  and 
form  perforated  horizontal  storeys.  In  Stromatomorpha  no  radial  arrangement 
of  the  trabecular  sejita  exists. 

Palaeacis,  E.  and  H.  (Sphenopoterium,  Meek  and  Worth),  occurring  in  the 
Carboniferous  limestone  of  Xorth  America  and  Scotland,  possibly  also  belongs 
here. 


Sub-Family  B.  Turbixarixae.  Milne-Edwards  and  Haime. 


Sejda  well  develaped,  comgjact.  Corcdlites  embedded  in  canaliculated  coenenchyma. 
Actinacis,  d’Orl).  (Fig.  169).  Massive  or  branching  coralla.  Coenenchvma 


abundant,  granulated ; septa  stout,  of 
papillous ; pali  in  front  of  all  the  septa. 


a h 


Fig.  1(39. 


Actbiads  eleqantf,  Reuss.  Upper  Cretaceous  ; Gosau 
Valley,  Salzkaiiiinergut.  Upper  surface,  natural 
size;  h,  Transverse  section,  enlarged;  c.  Longitudinal 
section,  enlarged  (after  Reuss). 


nearly  nniform  jiroportions,  colnmella 
Cretaceous  and  Tertiary. 


h 


Fig.  no. 

Lithnraea  }Vehsteri,  Bowerb.  sp.  Eocene;  Brackles- 
liam  Bay,  England,  a,  Corallum,  natural  size  ; h,  Four 
calices  enlarged. 


Astraeop>oni,  Blv.  Massive  coralla.  Coenenchyma  porous  and  on  upper 
surface  echinulate.  Septa  of  dissimilar  proportions  ; colnmella  and  pali  alisent. 
Tertiary  and  Recent. 

Dendracis,  E.  and  H.  ; Crypdaxis,  Reuss.  Tertiary. 

Turbinarict,  Oken  {Gemmipora,  Blv.)  Corallum  foliaceous.  Coenenchyma 
tolerably  compact  and  finely  echinulate.  Septa  of  similar  proportions  ; 
columella  spongy.  Cretaceous  to  Recent. 
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Sub-Family  C.  Poritinae.  Mihie-Edwards  ami  Haime. 


Septa  not  eery  numerous,  icell  developed.  CoralHtes  united  hy  their  porous  walls. 

Litharaea,  Ii,.  and  II.  (Hg.  170).  Massive  coralla.  Calices  siib-polvgoiial ; 
se])ta  generally  in  tliree  cycles  ; columella  spongy.  Eocene  and  i\Iiocene. 

lilnjdaraea,  E.  and  IE  Massive  coralla.  Spui  ions  walls  of  corallites  thick  ; 
pali  jH'ominent.  IMiocenc  and  Eeceiit. 

I'nrites,  J.,ain.  (Fig.  171).  ^Massive  or  branching  coralla.  Calices  shallow, 
polygonal  ; sejita  ii  regularly  reticulated  ; colnmclla  ])apilloiis,  surrounded  by 


Fig.  171. 

I'oritcs  incrustons,  Rouss.  Miocpne ; 
Moravia.  a,  Transverse  section  ; 
h,  Longitudinal  section,  liotli  lij^ures 
liighly  nia^oiilied. 


Fio.  172. 

{(,  Ah’enpora  sjinnglogn,  Dana.  Recent;  Fiji  Islands. 
Lon^'ltudinal  section  of  corallite  sliowinj'  perforate  walls 
anil  tabulae;  h,  Alvropora  riulis,  Reuss.  Nuimnulitic  lime- 
stone; oberbur<,%  Styria,  i/i  ; ^ Lalices,  ^^reatly  enlarged. 
(Fig.  (f,  after  Dana  ; h,  after  Reuss). 


.single  cycle  of  pali.  Cretaceous  to  Kecent.  The  genus  Porites  is  one  of  the 
most  imjiortant  of  existing  reef-builders. 

I’rotnraea  and  Stylaraeu,  E.  and  II.  llsually  encrusting  coralla  with  poly- 
gonal calices.  Adscei’al  chambers  jiartitioned  off  by  horizontal  tabulae.  (Silurian 
• and  Devonian. 

Sub-Eamily  J).  Alveoporinak.  Verrill. 

Sejda  composed  of  detached  tndieadae,  spines,  or  reticulated  lamellae.  Theca 
perforate.  Viscerat  chamher  with  perforate  tabulae. 

.llveopora,  Quoy  and  Caim.  (Fig.  172).  Ala.ssive  coralla.  Calices  small, 
])olygonal.  (Sc})ta  represented  by  detached  sjiinous  processes.  Tabulae  .spar.sely 
developed,  remotely  situated.  Tertiary  and  Recent. 

Koninclda,  E.  and  II.  Cretaceous. 


Family  5.  Madreporidae.  Dana. 

Composite,  hranchiny,  or  lohate  coralla  idth  srmdl  tuhiform  corallites  embedded  in 
a canaliculatcd  and  reticulated  coenenchyrna.  Septa  (6-12)  sometimes  imperfectly 
developed.  Two  long  septa  projected  from  oppmite  sides  and  'meeting  in  the  centre. 

The  Mad repora,  Ein.  (Fig.  17.3),  is  an  important  agent  in  the  con- 

struction of  c.xisting  coral  reefs,  and  builds  colonies  sometimes  of  considerable 
.size.  It  occurs  spar.sely  in  the  fossil  state  in  the  Tertiary. 

Range  and  Distribution  of  the  Hexacoralla. 

The  grou])  ..-Iporosa  of  the  Hexacoralla  appears  to  have  originated  from  the 
Tetracoralla,  and  to  form  the  direct  continuation  of  their  line.  Fhey  begin  as 
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the  latter  disappear;  they  develoji  a great  variety  of  forms  in  the  Trias,  and 
from  the  Mesozoic  down  to  the  present  day  they  have  continued  to  play  a 
leading  part  in  the  construction  of  coral-reefs.  Of  the  six  families  constituting 
the  Ajwrosa,  the  Adraeidae  is  liy  all  odds  the  most  important  and  most  protean, 
in  comparison  to  which  the  Fimgidae,  StylopJtoridae,  PocilloiMvidae,  Omlinidae, 
and  Turbinolidae  fall  into  greatly  subordinate  rank.  The  other  families  are  all 
younger  than  the  Astmeidae,  not  beginning  until  the  Jurassic,  the  Focilloporidae, 
indeed,  not  until  the  Tertiary. 

The  Perforata  constitute  a well-defined  liranch  of  the  Hexacoralla,  whose 
ancestry  may  perhaps  be  sought  in  the  remarkable  Arrhaeoci/afhidae  of  the 
Cambrian.  The  Eiqmimmidae  and  Poritidae  occur  sporadically  in  the  Silurian 
and  Carboniferous,  while  it  is  not  until  the  Trias  that  the  Thamnastraeidae  and 
Poiitidae  develop  a large  variety  of  forms  ; from  the  Trias  to  the  Tertiary, 
however,  these  genera  continue  to  l)e  important  reef-builders.  The  Eupsam- 
midae  attain  their  greatest  development  in  the  Tertiary  and  Recent,  while  the 
Madreporidae  belong  almost  exclusively  to  the  present  period. 

Occasional  isolated  deep-sea  forms  are  met  with  in  most  of  the  several 
geological  periods,  luit  the  usual  mode  of  occurrence  of  the  Ilexacoralla  is 
associated  in  masses  in  coralline  limestones  ; 
the  limestones  may  l^e  of  very  variaMe 
thicknesses,  but  as  a rule  are  interstratified 
between  deposits  of  distinctly  littoral 
character.  Ancient  coral-reefs  most  nearly 
resemble  modern  fringing  or  barrier  reefs, 
but  not  atolls,  the  origin  of  which  is  clearly 
dependent  upon  the  peculiai'  orographic 
conditions  of  the  Pacific  Ocean. 

The  St.  Cassian,  Zlamliach,  and  Ehaetic 
beds  of  the  Alpine  Trias  contain  large 
numliers  of  reef-lmilding  Hexacoralla  ; lint 
of  the  Alps,  as  well  as  the  Trias  outside 
either  almost  or  entirely  destitute  of 

In  the  Lias  coral-reefs  have  1 
Lorraine.  Certain  beds  of 


Fig.  173. 

Mitdrepora  Anglicu,  Duncan.  Oligoccne  : 

Brockenliurst,  England,  a,  C'alice.s  enlarged  ; 
h,  Longitudinal  section,  greatly  enlarged. 


the  pure  limestones  and  dolomites 
the  Alpine  region,  are  frequently 
coralline  remains. 

teen  found  in  England,  Luxemliurg,  and 
the  Dogger,  usmdly  of  but  meagre  thickness,  arc 
occasionally  charged  with  corals,  as  in  Swabia,  the  Rhine  valley  in  Baden,  the 
Swiss  Jura,  Normandy,  and  England.  Coralline  limestones  are  almndantly 
developed  in  the  Upper  Jurassic  of  the  Jura  Mountains  in  France  and  Switzer- 
land, in  Lorraine,  Southern  Baden,  Swabia  (Nattheim,  Blaubeuern),  Bavaria. 
(Kelheim),  many  places  in  France  and  England,  as  well  as  in  the  whole  province 
of  the  Alps,  Carpathians,  Cevennes,  and  Apennines ; here  the  uppermost 
horizon  (Tithonian)  is  especially  characterised  by  their  development. 

In  the  Lower  Cretaceous  (Neocomian)  coral-reefs  are  found  in  France 
(Haute-Marne  and  Yonne),  Crimea,  and  Mexico;  while  the  Urgonian  of 
Switzerland  and  the  Bavarian  Alps  is  occasionally  chai’ged  with  corals.  In  the 
Turonian  and  Senonian  of  the  Alps  (Gosau  Beds),  Pyrenees,  and  the  Provence, 
numerous  coral-reefs  occur,  usually  accompanied  by  Rudistae ; elsewhere,  how- 
ever, except  in  Holland  (Maestricht)  and  Denmark  (Faxoe),  the  LTpper 
Cretaceous  contains  but  a limited  number  of  reef-building  Hexacoralla. 

In  the  older  Tertiary  (Eocene  and  Oligocene)  the  occurrence  of  coral-reefs 
is  restricted  to  the  northern  and  southern  flanks  of  the  Alps  and  Pyrenees, 
VOL.  I H 
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Ai’al)ia  ami  the  AVest  Indies  ; while  outside  the  Alps  in  Eui’ope  and  in  America 
their  (listiil)ution  is  mostly  sporadic.  In  the  IMiocene  and  Pliocene  the  true 
coral-reefs  retreat  moi'e  and  more  towards  the  erpiator  (Ked  Sea,  Java,  Japan), 
while  the  llexacoralJa  which  persist  in  formations  of  the  temperate  zone 
(Vienna  Ba.sin,  Italy,  Touraine)  constitute  hut  an  insignificant  feature  of  the 
general  fauna. 

Appendix  to  the  Hexacoralla. 

Sub-Order  C.  TABULATA.^  Milne-Edwards  and  Haime. 

hmuinhhj  composite  coralla  composed  of  tuhiform  or  jmismatic  corallites.  Walls 
thick,  indepcndenthj  calcified,  compact,  or  perforated  Inj  connecting  mural  pc/res.  Septa 
hut  slightly  developed  (usually  six  or  twelve),  sometimes  represented  merely  hy  vertical 
ridges  or  rows  of  spines,  and  sometimes  entirely  ahsent.  Visceral  chamber  partitioned 
off  into  successive  storeys  hy  talmlae.  Synapticulae  and  dissegnments  ^vanting. 

To  the  Tahulata  were  originally  a.ssigned  hy  Alilne-Edwards  and  Haime  all 
corals  having  numerous  tabulae  and  rudimentary  septa.  Later  researches  have 
shown,  however,  that  some  of  these  forms  (e.g.  Pocillogmridae)  belong  to  the 
Aporosa,  others  (Ilelugwridae)  to  the  Octocoralla,  and  still  others  (Millepara)  to 
the  llydrozoa  ; while  the  affinities  of  a feiv  (Chaetitidae,  Monticuliporidae)  are  of 
such  doubtful  nature  as  to  be  referred  by  some  authors  to  the  Corals,  and  by 
others  to  the  Ifryozoans.  The  majority  of  the  typical  Tahulata  (Favositidae, 
Syringoporidae,  1 lal ysitidae)  e.xhibit  close  relationships  to  the  Hexacoralla ; but 
since  they  are  for  the  most  part  now  e.vtinct  and  are  largely  confined  to  the 
Palaeozoic  rocks,  the  positive  determination  of  their  systematic  jiosition  seems 
almost  ho])eless.  The  ontogeny  of  the  corallites  in  the  Tahulata  shows  that  the 
development  of  mural  pores  is  homologous  with  the  process  of  gemmation. 
Keproduction  sometimes  takes  place  by  fission,  but  generally  l)y  means  of  buds 
from  the  edges  of  the  calices  at  vaiious  stages  during  the  growth  of  the  parent 
• cor;dlites.  Puds  are  given  off’  caily  in  yiuhgmra,  producing  liasal  corallites  only  ; 
periodically  in  Itomingeria,  pi-oducing  verticils  of  corallites ; periodically  and  on 
one  side  in  llalysites,  jn'odueing  linear  series  of  adjacent  corallites ; and  very 
fT'equently  in  Fuvosites,  etc.,  producing  compact  coralla  with  numerous  mural 
pores  representing  aborted  Ituds. 

Eaiuily  1.  Favositidae.  Aliliie-Edwards  and  llaiiiie. 

Jfassire  or  hranching  coralla.  Condlites  uniformly  prismdic,  t(dl,  and  united  hy 
their  walls,  which  are  perforated,  hy  large-sized  pores.  Septa  very  short,  usually 
represented  hy  hut  faintly  girojecting  ridges  or  imvs  of  sgdnes,  hut  seldom  completely 
ahsent.  Tidadae  numerous,  situated  at  regular  intervals,  com])leic  and  horizonted, 
more  rarely  ohligue  or  irregularly  vesicular  {^"cystaid”). 

'I'lie  Favositidae  are  distinguished  from  the  Foritidae,  with  which  A'cirill 
associates  them,  by  their  thick,  solid  walls,  which  are  punctured  by  round, 

' I.inilsirijm.  <1.,  Alliiiities  of  tlie  Anthozoa  Tabiilata  (Aun.  Mag.  Nat.  Hist.  Ser.  4,  XVIII.),  1876. 
— hi/hinrskl.  II'.,  Die  Cliaetitideii  der  o.stbaltisclieii  Sihirforniation  (Verb,  der  k.  riiss.  min.  Ge.sellsch. 
St.  t’etersburg),  1877. — Xichot-son.  JI.  .1.,  On  tbe  .Structure  and  Attiinties  of  tbe  T.aludate  Corals  of  the 
Palaeozoic  Period.  Loudon,  1879. — On  tlie  Structure  and  Affinities  of  the  genus  Monticulipora. 
London,  1881. — Roemer,  F..  Lethaea  Palaeozoica,  I.,  188-3,  p.  41(i. — Wurirjeii,  IV.,  and  Wmtzel,  II'., 
The  .Salt  R.ange  Fossils.  Palaeontol.  Imlica,  1887. — Ilavr/,  E.,  Ueber  sogenannte  Chaetetes  aus 
me.sozoi.schen  Ablagerungen  (Neues  Jahrb.  fur  Mineral.;,  1883,  I.,  ]i.  171. — Re.echcr,  C.  K.,  The 
Development  of  a Palaeozoic  Poriferous  Coral. — Symmetrical  Cell  Development  in  the  Favositidae. 
(Trans.  Conn.  Acad.  vol.  VIII.),  1891. 
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sometimes  tubiform  mural  pores.  The  corallites  are  usually  polygonal  in 
contour,  and  their  walls  exhiliit  in  transverse  sections  a dark,  or  sometimes 
light-coloured  median  line,  with  thickenings  of  stereoplasma  on  either  side  (Fig. 


c 


Favosites  polymnrpha,  Goldf.  sp.  Devonian;  Eifel.  A,  Corallum,  natural  size.  />',  Corallites  enlarged,  two 
of  them  broken  open  and  showing  tabulae.  C and  D,  Transverse  an«l  longitudinal  sections  .showing  si>iniform 
septa  and  mural  pores  (p).  {€  and  D after  Nicholson.) 


174,  C).  The  family  is  e.xclusively  Palaeozoic,  and  plays  an  important  part 
in  the  formation  of  Silurian,  Devonian,  and  CaiBoniferous  coralline  limestones. 


Favosites,  Lam. 
rarely  branching, 
generally  hexagonal. 


Corallum  massive,  more 


(Calamopora,  Coldf.),  (Fig.  174). 

Corallites  prismatic,  polygonal. 

Mural  pores  distributed  at 
consideralile  intervals.  Septa  veiy  faintly  developed, 
represented  by  longitudinal  ridges  or  rows  of  spines, 
or  occasionally  obsolete.  Talmlae  numerous.  Oi'do- 
vician  to  Carlioniferous ; very  alnindant  in  Silurian 
and  Devonian. 

Columnopova,  Nich.  {Calapoecia,  Bill.)  Like  the 
preceding,  but  with  numerous,  short,  well-marked 
septa.  Mural  pores  large,  disposed  in  vei'tical  rows 
between  the  septa.  Ordovician. 

Fmino7isia,  E.  and  H. ; Ordovician  to  Carl)oniferous. 

Nijctopora,  Nich.  ; Ordovician  (Trenton).  Sifrinijolites, 

Hinde  • Silurian  (Niagara). 

Pachyporu,  Lind.  (Fig.  175).  Corallum  liranching,  composed  of  prismatic, 
polygonal  corallites,  the  walls  of  which  are  so  thickened  towards  their  mouths 
by  layers  of  stereoplasma  that  the  calices  appear  to  have 
circular  contours.  Septa  very  minute  ; mural  pores 
scanty,  Imt  often  of  large  size.  Alnindant  in  Silurian 
and  Devonian. 

Trachypora,  E.  and  H.  Dendroid  with  cylindrical 
stems.  Corallites  polygonal ; walls  so  thickened  by  layers 
of  stereoplasma  that  the  calices  liecome  round  and  greatly 
contracted,  and  appear  to  be  superficially  widely  separated. 
Mural  pores  few  and  irregularly  distrilnited.  Septa  represented  by  rows  of 
spines.  Talmlae  remote.  Common  in  Devonian. 


Fig.  17-j. 

Pacluipora  NichoUoiii,  Freeh, 
Middle  Devonian ; Eifel.  -d,  Trans- 
verse section.  />',  Longitudinal 
section,  enlarged;  p,  Mural  pores 
(after  Nicholson). 


Fig.  176. 

Striatopora  jlexuosa,  Hall. 
Silurian  (Niagara)  ; New 
York. 
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Stridfojioni,  Hull  (Fig.  17G).  Like  the  preceding,  hut  with  tubes  contructed 
by  stereoplusinu  at  a greater  depth,  so  as  to  give  the  calices  a funnel-shaped 
appearance.  Silurian  and  Devonian. 

yllceo/ifes,  Lain.  (Fig.  177).  Coralluni  massive  or  liranching,  composed  of 
small,  contiguous,  comjiresscd,  thin-walled  corallites,  with  obliipiely  opening 
triangular  or  semilunar  calices.  Scjita  very  faint,  represented  merely  by  ridges 


II 


A,  Alvrnlitrti  siihnrhirnhiriti,  1^‘iin.  Mi'i'llo  Devonian;  (}en)lst«‘in,  Kifel.  (Joldl'.  Lower  Devonian; 

Xatuial  size.  !i  iuu\  (\  Alrt’iilitvs  Lofx’rhd^  E.  and  II.  Silurian  (Wcnlock) ; (’oblenz.  Natural  size.  Nernii- 

Ironbridge,  England.  Tangential  and  vertical  sections,  i"/i  (alter  Nicholson).  form  foreign  body  in  the  centre. 


oi'  rows  of  s])inule.s,  .sometimes  but  a single  row  present.  Mui'al  pores  of  large 
size,  irregularly  distributed.  ^ cry  common  in  Silurian  and  Devonian. 
Cldiloponi,  Hall.  Coeuiff's,  Eichw.  Silurian  and  Devonian. 
l‘levro(Urf//iidi,  (loldf.  (Fig.  17S).  Coralluni  dejiressed,  discoidal,  circular, 
or  elliptical  in  contour,  lower  surface  covered  with  concentrically  striated 


.1  !■  <' 


Flc.  17!'. 


Mirhdhiiii  /•n'n.tii,  lie  Kim.  ( '(irhuiiifei'ou.s  Limestone;  Tom-nay,  Bel;,'iuni.  A,  Coralluni  from  above, 
i.ower  surface  with  railiciform  epitliccal  proce.sses.  C,  Vertical  section  (after  Gauilry). 

epitheca,  and  freipiently  with  foreign  vermiform  body  occujiying  centre  of  the 
base.  Corallites  small,  polygonal,  contracted  inferiorly  so  as  to  become  funnel- 
shaped.  Septa  represented  by  faint  marginal  ridges,  or  olisolete.  Walls 
pierced  by  irregularly  distributed  mural  jiores.  Tabulae  scanty.  Devonian. 

jiroJileiddticurn,  Goldfuss,  is  tolerably  abundant  in  the  Lower  Devonian 
“ Spirifera  sandstone  ” of  the  Eifel,  but  is  only  known  in  the  form  of  casts. 
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In  these  the  walls  of  the  corallites  are  represented  by  narrow  fissures  which 
are  bridged  across  by  transverse  rods,  while  the  visceral  chamlier  is  filled  up 
with  sandstone.  P.  stijlopom,  Eaton,  from  the  Hamilton  Group  of  North 
America,  is  a closely  related  species,  and  also  possesses  the  vermiform  liody. 

Michelinia,  de  Kon.  (Fig.  179).  Discoidal  or  hemispherical  coralla,  often 
of  considerable  size,  and  covered  on  the  under  surface  with  concentrically 
striated  epitheca,  which  fre(piently  develops  hollow  radiciform  processes. 
Corallites  polygonal,  rather  large.  Septa  represented  liy  numerous  longitudinal 
striae  or  ridges  ; mural  pores  irregularly  distributed ; tabulae  very  numerous, 
oblique  or  curved,  incompletely  developed,  and  usually  filling  the  visceral 
chamber  with  loose  vesicular  tissue.  Devonian  and  Carboniferous.  M.  favosa, 
de  Kon.,  extraordinarily  profuse  in  Carboniferous  Limestone  of  Belgium. 


Family  2.  Auloporidae.  Nich.  (Tubulosu,  Milne-Edwards  and  Haime). 


Creeping,  hranching,  or  reticulated  tubular  coralla,  composed  of  cylindriccd,  heaker, 
or  trumpet-shaped  corallites,  with  thick,  imperforate,  ivrinkled  ivalls.  Septa  represented 
by  faint  marginal  striae  ; tabulae  moderately  numerous  or  want- 
ing. Pieproduction  by  basal  or  lateral  gemmation.  Ordovician 
to  Carboniferous. 

Atdopora,  Goldf.  (Fig.  180).  All  the  corallites  of  the 
prostrate  corallum  are  attached  by  the  whole  of  the  lower 
surface  to  some  foreign  object  {Alveolites,  other  corals,  or 
mollusks).  Tabulae  more  or  less  curved ; reproduction  liy 
basal  gemmation.  Ordovician  to  Carboniferous. 

Cladochonus,  M‘Coy  {Pyrgia,  E.  and  H.)  Corallum 
branching,  attached  only  at  isolated  points,  and  composed 
of  funnel  - shaped  corallites  without  tabulae  and  septa. 

Eeproduction  by  lateral  gemmation.  Carboniferous. 

Romingeria,  Nich.  {Quenstedtia,  Eom.)  Spreading,  semi- 
erect,  bushy  coralla,  only  basally  attached,  and  with  cylin-  , . ' . 

, . " . ' -11  • mil  Amopora  tuhaeforims, 

dncal  corallites  increasing  by  lateral  gemmation,  iabulae  Gouif.  Devonian ; Oeroi- 
moderately  numerous,  horizontal.  Silurian  and  Devonian,  (after 


Family  3.  Syringoporidae.  Milne-Edwards  and  Haime. 


Syringopora  ramulosa, 
Goldf.  Carboniferous  Lime- 
stone ; Regnitzlosaii,  Fich- 
telgebirge.  Natural  size. 


Fasciculate  coralla,  composed  of  cylindrical  corallites,  united 
at  intervcds  along  the  sides  by  hollow  connecting  processes  or  by 
horizontal  expansions.  JPalls  thick,  wrinkled ; septa  faintly 
developed,  represented  by  delicate  ridges  or  longitudinal  rows 
of  spinules  ; tahulae  numerously  developed,  usually  irregularly 
funnel-shaped.  Reproduction  by  based  gemmation  or  by  buds 
arising  from  the  connecting  processes  and.  horizontal  expansions. 
Ordovician  to  Carboniferous ; maximum  in  Devonian  and 
Carlionifei'ous. 

Syringopora,  Goldf.  (Fig.  181).  Fasciculate  coralla, 
often  attaining  considerable  size,  and  composed  of  cylin- 
drical, thin-walled,  somewhat  Ilexuose  corallites  ; the  latter 
communicate  liy  means  of  hollow,  cylindrical,  connecting 
processes.  Septa  rudimentary;  tabulae  funnel-shaped. 
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Coralliim  commencing  -with  prostrate  liasal  network  similar  to  Aulo2>('ra. 
Numerous  species  ranging  from  Silurian  to  C arl)oiiiferous. 

Ch<mosfe[/ife>:,  E.  and  H.  Corallum  massive;  cvlindrical  corallites  con- 
nected l)v  horizontal,  hollow,  laminar  expansions  into  which  the  endothecal 
tissues  are  directly  continued ; tahulae  ohliipie,  cystoid. 
1 )evonian. 

ThecoMcgites,  E.  and  II.  Corallum  encrusting;  corallites 
short,  cylindrical,  and  connected  hy  thick  horizontal  plates. 
Tahulae  ajiproximately  horizontal ; septa  twelve  in  number, 
reiiresented  by  marginal  ridges.  Ilevonian. 

Family  4.  Halysitidae.  ililne-EJwards  and  Haime. 
Chain  corals. 

Cornlltnn  ronijmed  of  long,  ci/lindriail,  lotcrdlli/  compressed 
covdllifes,  which  ore  joined  to  one  onother  onhj  along  ihe  more 
constriefed  edges,  and  form  free,  rertic(d,  intersecting,  and  an- 
astomosing laminae.  Jl'all  thich,  covered  on  free  sides  bg  wrinkled 
ej)ifhec((  ; ialadae  numerous,  horizontal,  ov  concave;  sejita  regire- 
sented  bg  rertic(d  ridges  or  rows  of  spines,  in  cgcles  of  twelve, 
sometimes  cntirchj  absent.  Increase  bg  stolonal  gemmation. 

The  single  genus  I/algsites,  Fischer  (Catenijiora,  Earn.),  (Fig.  182),  comjirises 
two  groups  of  species;  those  in  which  the  corallum  is  composed  thi-oughout  of 
corallites  of  e<pial  .size  (//.  esrharoidcs,  Lam.  .sp.),  and  others  in  which  any  two 
of  the  huger  coivdlites  ai'e  separated  by  the  intervention  of  a single  smaller, 
clo.sely  tabulate  tube  (JL  catenularia,  hm.)  Ordovician  and  Silurian;  maximum 
ill  Silurian. 

, Familv  5.  Chaetetidae.  Milne-Edwards  and  llaime. 


ric.  1.S2. 

IfdhfSitcK  r(ffi’uvhn'i(t, 
r.iii,  sj).  Silurian  ; Gotl- 
laiul.  Natural  size. 


Massive  coralla,  composed  of  fine,  snbegnal,  tubiforin  cordlites,  contiguous  on  all 
sides.  Calires  ndher  irregular  in  shajic,  one  diameter  slightly  greater  than  the  other. 
Ilbdls  thoroniihli/  a malga united,  common  to  adjacent  corallites,  iinjierforate,  oggnirentlg 
comjiosed  of  closely  a rranged,  ankylosed  vertical  columns,  which  terminate  at  the  surface 
in  ladloiv  jiroiolnences.  Septa  absent,  but  one  (o'  two  tooth-like  ga'ojectiinis  often  observ- 
able in  sections.  Tabulae  horizontal,  remote  or  abundant. 

All  the  foi  nis  belonging  to  this  family  are  extinct,  and  occur  chiefly  in  the 
()rdo\ician,  Silurian,  l)e^■onian,  and  Cai'bonifei'ous  systems;  but  they  are  also 
found  sporadically  in  the  Tn'as,  .lurassic,  and  Cretaceous.  They  are  imjiortant 
as  being  largely  concerned  in  the  formation  of  I’alaeozoic  coral  reefs,  especially 
during  the  Oidovician.  Milne-Edwards  and  Haime  regarded  them  as  An- 
thozoaus,  Rominger  and  Lindstn'im  as  Lryozoans ; while  Hybowski,  though 
admitting  their  resemblance  to  certain  Hryozoans,  emphasised  their  affinities 
with  the  Favositidae.  By  Nicholson  they  were  assigned  to  the  Octocoralla,  for 
the  reason  that  the  corallites  freipiently  exhibit  a dimorphous  character  the 
same  as  in  Heliolites  and  Heliojiora,  besides  agreeing  in  their  microscopic 
structure  with  Heliolites;  while  in  addition  they  possess  well-developed  tabulae 
and  imperforate  walls,  and  increase  by  iutermural  gemmation  or  by  fission. 
Ne\ertheless,  their  resemblance  to  certain  of  the  cyclostomatous  Bryozoans 
(Heterojiora)  is  fully  recognised  by  Nicholson,  and  insisted  on  Iiy  Ulrich. 

Chactetes,  Fischer  (Figs.  182,  184).  Corallites  long,  thin-Avalled,  jirismatic. 
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polygonal,  all  of  one  kind,  and  multiplying  by  fission.  Uncompleted  fission  of 
the  tubes  often  indicated  in  section  by  tooth-like  projection  extending  into 
visceral  chamber.  Walls  structureless,  without  dark  median  line ; tabulae 
complete,  remote.  Very  abundant  in  Carbon- 
iferous Limestone;  found  also  in  Lias  and  Upper 
Jurassic.  C.  radians,  Fisch.,  is  an  important 
rock-builder  in  the  Russian  Carboniferous  Lime- 
stone, especially  in  the  vicinity  of  Moscow. 

Pseudochae- 


fete 


s, 


Haul 


Upper  Jurassic. 
P.  polin')  or  us, 
Quenst.  sp. 

Monticidipora , 
d’Orl).  (emend. 
Nich.),  (Figs. 
185-187).  Mas- 
sive, tuberous, 
hemispherical, 
discoidal,  ra- 


Kig.  183. 

Choefctes  septosus,  Fbm.  Carbonifer- 
ous Limestone ; England.  .1,  Transverse 
section  iiarallel  to  upjier  surface. 
7>’,  Vertical  section,  both  enlarged ; 
j),  Projecting  spines  representing  un- 
completed lission  (after  Nicholson). 


Fig.  1S4. 

Chtietetes  ratUcuis,  Fischer.  Carbonifer- 
ous Limestone ; Moscow,  Russia.  Portion 
of  longitudinally  fractured  corallum, 
natural  size. 


mose,  or  eu- 
crusting  coralla 

of  extremely  variable  form  and  size,  and  composed  of  numerous,  fine,  tubular 
corallites,  usually  of  two  series,  the  walls  of  which  are  imperforate  and  closely 
approximated  to  one  another,  but  are  not  amalgamated.  Multiplication  by 
intermural  gemmation,  more  rarely  by  fission.  Tabulae  horizontal,  and  either 
complete,  extending  entirely  across  the  visceral  chamber,  or  incomplete  ; in  the 
latter  case  the  spaces  where  talmlae  are  not  dcA'eloped  are  filled  with  large 


0 

’Vo 

^ t, 


MonHculipora  (Heterotrypa)  ramosn,  E.  and  H.  Ordovic 
A,  Corallum,  natural  size.  B,  Surface  slightly  magnitied.  C,  Ta 
-^h.  Z>,  Vertical  section,  -O/^.  (C  and  D after  Nicholson.) 


Fig.  1S5. 

Ordovician  (Cincinnati  Group);  Cincinnati,  Oliio. 


'angential  section,  parallel  to  external  surface 


cystoid  calcareous  plates.  The  walls  differ  from  those  of  Chaetetes  in  that  they 
are  composed  of  two  distinct  lamellae  separated  by  a dark  or  light  median  line, 
and  are  sometimes  thickened  by  depo.sits  of  carlionate  of  lime.  The  corallites 
are  polygonal  or  round  in  contour,  and,  as  a rule,  two  series  are  distinguishalJe  ; 
a series  of  larger  tubes  with  remotely  situated  tabulae,  and  another  series  of  more 
or  less  numerous  interstitial  tubes,  which  are  smaller  and  more  closely  talnilate 
than  the  former.  The  larger  tubes  (aitiopores)  are  often  surrounded  on  all  sides 
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by  the  smaller  {mesopores),  and  hence  are  completely  separated  from  one  another. 
(Occasionally,  in  addition  to  the  preceding,  a further  series  of  tul>es  called 
(icnuthopores  occur,  ’\vhich  are  thick-walled  and  form  small  tubercles  on  the 
suiface.  Extraordinarily  abundant  in  Ordovician  and  Silurian,  iiarticularly  the 
former;  rarer  in  Devonian  and  Triassic. 

Nicholson  compares  the  mesopores  of  Monfiailipora  Avith  the  siphonopores 
of  Helioporii,  and  supposes  the  corallum  to  have  been  inhabited  by  dimorphous 


A i: 


Fig.  18(5. 

Enlarge<l  tangential  sections  parallel  to 
external  surface.  Montic\ilxi>rnv  (Hdero- 
fnjjifi)pulchcll(t,  E.  and  II.  I),  ^f.  (Ifckrotri/jm) 
romosay  E.  an«l  II.  (after  Nicliol.son). 


MonticuUjwra  {Diphttnipa)  7V^ro- 
Pand.  Ordovician;  St.  Peters- 
burg. Enlarged  tangential  section 
jiarallel  to  external  .surface  (after 
Dybow.ski). 


polyps.  F.  Eoemer  holds  the  smaller  tul>es  for  immature  corallites  formed  l>y 
budfling.  The  folloAving  sul)-genera  are  recognisefl  by  Nicholson  : — 

a.  lleterofri/pii,  Xich.  (Figs.  185,  186).  (I’orallites  of  tAvo  kinds,  the  larger 
ones  sul)-polygonal,  and  separated  by  a single  row  of  mesopores.  Walls 


Fig.  1S8. 

Sehrfinii,  Nidi.  Ordovician; 
Ontario.  A,  Tangential  section  jiarallel  to  ex* 
tt-rior.  liy  -Vertical  section,  enlarged.  C’,  Auto* 
pores;  f,  Tabulae;  (',  Cystoid  tabulae  (after 
Nicliolson). 


Fjo.  iso. 

Ncxiroporrf  ongulnfin,  Goldf.  sp.  Upper  Jur- 
assic; Oerlingen,  near  Ulin.  A,  Portion  of  ex- 
ternal surface  enlarged.  Ji,  Corallum,  natural 
size. 


thickened  towards  mouths  of  tubes  ; tabulae  horizontal ; acanthopores  generally 
present. 

b.  MonoinjjKi,  Nich.  Corallites  all  similar,  or  of  tAvo  kinds,  not  conspicuously 
diti’ercnt  in  size,  and  usually  polygonal  and  thin  - AA'alled.  Ordovician  to 
Devonian,  also  Triassic.  M.  Hecuba riensi.%  Schanr.  sp. 

c.  IHpJotrijjia,  Nich.  (Diannlite><,  Eich.),  (Fig.  187).  Corallites  of  tAvo  kinds, 
nniforndy  thin-Avalled  ; the  autopores  aggregated  into  clusters  or  monticules, 
but  also  scatterefl  Avith  the  mesopores  throughout  the  colony.  OrdoA'ician. 

d.  I’rasojiora,  Nich.  (Fig.  188).  Corallites  of  tAvo  kinds,  uniformly  thin- 
Avalled  ; mesopores  Avith  numerous  horizontal  talmlae,  autopores  Avith  incomplete 
and  cystoid  tabulae.  Ordovician  and  Devonian. 

e.  J'eronopora,  Nich.  Like  the  preceding,  but  thick-AA’alled. 
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Stenojwra,  Lonsd.  Branching  or  loliate  coralla  composed  of  fine  tnl)nlar 
eorallites  radiating  outwards  and  liecoming  reflexed.  Walls  thickened  hy 
annular  deposits  of  stereoplasma ; tabulae  scanty.  Abundant  in  Carboniferous 
and  Zechstein. 

Geinitzella,  Waag.  and  Wentz.  Like  the  preceding,  bnt  with  walls  only 
slightly  thickened.  Carboniferous  to  Zechstein. 

? Neuropora,  Broun.  {Chn/suora,  Lamx.),  (Fig.  189).  Eamose  or  tuberous 
coralla,  composed  of  long,  polygonal  tulies,  nearly  nniform  in  size,  and  with 
mouths  separated  into  groups  by  elevated,  non  - tubular  ridges ; talnilae 
numerous.  Jurassic  and  Cretaceous. 

Family  6.  Fistuliporidae.  Waagen  and  Wentzel. 

Encrusting,  massive,  or  branching  coralla,  composed  of  two  series  of  fine  tuhiform 
eorallites.  JFalls  compact ; tabulae  Iwrizontcd  ; septa  wanting.  Autopores  multiply- 
ing by  coenenchymal  gemmation,  mesopores  hy  fission.  Silurian  to  Zechstein. 

The  Fistuliporidae  resemble  the  Helioporidae  in  a number  of  particulars, 
especially  as  regards  the  coenenchymal  gemmation  of  the  autopores.  Waagen 
assigns  them  to  the  vicinity  of  the  Helioporidae,  while  Nicholson  regards  them 
as  a sub-family  of  the  Monticidiporidae. 

Fistulipora,  M‘Coy.  Corallum  composed  of  two  series  of  tuliiform  eorallites  ; 
autopores  round  or  sub-triangular  in  contour,  and  emliedded  in  a coenenchyma 
constituted  of  the  smaller  mesopores.  The  latter  are  much  more  closely 
tabulate  than  the  autopores,  and  give  the  coenenchyma  a vesicular,  multicellular 
appearance.  Walls  of  the  autopores  are  thickened  on  one  side,  and  frequently 
provided  with  two  septa-like  processes.  Common  in  Devonian,  Carlioniferous, 
and  Permian. 

Ccdlopora,  Hall  ■,  Prasopora,  Nich.  Ordovician  and  Sihu'ian.  Ladechia,  E. 
and  H.,  occurring  in  the  Ordovician  and  Silurian,  probalfly  also  lielongs  here. 

Geological  Range  of  the  Tabulata. 

With  but  few  exceptions,  the  2'almlata  are  restricted  to  the  Palaeozoic 
formations,  and  from  the  Ordovician  to  the  Carlioniferous  periods  inclusive  are 
prominently  concerned  along  with  the  Tetraroiidla  and  Hydrozoa  {Stromatoporidae) 
in  the  building  of  coral  reefs.  Of  the  six  families  composing  the  Tabulata,  the 
Halysitidae  alone  are  confined  to  the  Silurian ; the  rest  are  all  more  or  less 
plentiful  from  the  Ordovician  to  the  Carlioniferous ; while  the  Fistuliporidae 
persist  as  late  as  the  Zechstein,  and  the  Chaetetidae  range  from  the  Ordovician 
to  the  Cretaceous. 


Sub-Class  3.  OCTOCORALLA.  Haeckel. 

{Odactiniu,  Ehrenberg ; Alcyonaria,  Milne-Ed wards.) 

Composite  colonies,  rarely  simple  polyps,  the  indimluals  provided  with  eight 
mesenterial  folds  and  eight  broad,  pinnately  fringed,  or  plumose  tentacles,  ivMch  form 
a single  cycle  about  the  moidh. 

Hard  skeletal  elements  are  very  generally  developed  in  the  Octocoralla,  being 
absent  in  comparatively  few  forms,  and  are  remarkable  for  their  manifold 
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^aliety;  they  occur  either  detached  in  the  ectodeini  and  mesoderm,  or  are 
closely  packed  together  at  the  Rase  to  form  a horny  oi'  calcareous  axis  (xclero- 
hasis),  ahout  which  the  polyps  are  distrihuted.  Sometimes  the  calcareous 
bodies  (sclemlerniifes)  foi-m  compact  tubes  which  are  periodically 
partitioned  off  into  storeys  with  the  upward  growth  of  the 
animal.  lleproduction  is  accomplished  either  se.xuallv  or 
asexually  by  basal  or  lateral  gemmation,  rarely  by  fission. 

Only  the  calcareous  parts  are  known  in  the  fossil  state,  such 
as  the  solid  axe.s,  detached  skeletal  elements,  tubes,  and  com- 
posite coralla  ; the  horny  structures  are  totally  destroyed  during 
fossilisation.  The  Oducondla  make  their  ajipearance  in  the 
Ordm  ician,  Imt  belong  only  exceptionally  to  the  more  common 
fos.sils. 

Family  1.  Alcyonidae.  Milne-Ed wards  and  Haiine. 

I'ixeJ,  jleshij,  hhate,  of  rcrnose  jioJi/p  stocks  (veri/  roreli/  simple 
indiciduals),  with  echimdote  or  sjnctdar  odcoreoiis  bodies  {sclero- 
dermites)  ocairruig  detached  in  the  soft  jxirts. 

Isolate<l  sclerodermites  readily  escape  obser\  ation,  owing  to 
their  minute  size  and  fragile  constitution.  They  have  been 
detected  as  yet  only  by  Pocta  ^ in  the  Upper  Cretaceous  strata 
near  Laun,  Bohemia. 

Family  -2.  Pennatulidae.  iMilue-Edwards  and  Ilaime. 

Polyp  stocks  with  base  embedded  in  sand  or  mud,  and  v'ith  lawny 
(a'  calcareous  sclerobase  ; polyps  dimorphic. 

Slender,  round,  or  (juadrate  calcareous  axes  referable  to  the 
J’eiuadulidae  have  been  detected  with  certainty  only  in  the  Trias 
(Proyraphularia,  Freeh.),  Ci'etaceous  (Pavonaria,  Cuv.  ; Pennatulites 
and  Palaeosceptron,  Cocchi  ; Glyptosceptron,  Biihm),  and  Tertiary 
{Graphularia,  F.  and  H.),  (Fig.  190). 

Family  3.  Gorgonidae.  ^Milne-Edwards  and  Haiine. 

f t I'ophiihf rifi  (h'ser- 

C"-»w.  zity  xiim-  Fixed,  branching,  <w  fan-shaped  colonies,  with  horny  or  calcareous 
(Eocene);  lara-  Solid  sclerobasc,  or  with  jointed  axis  composed  of  alternating  horny 
i)esert.  n.'^Axis,’  calcareous  Segments. 

( Voss'- sections ; All  the  genera  possessing  homy,  He.xilile  axes  (Gorgonia, 

enbrgn'i.  Phfhdogorgia,  etc.)  are  pcrishalile.  Detached  remains  referalile 

to  Primnoa,  Gorgonella,  and  Firgularia,  the  a,xcs  of  which  are 
composed  of  l)Oth  horny  anil  calcareous  layers,  ha^■c  been  described  from  the 
Tertiary.  In  the  genus  Isis  the  axis  consi.sts  of  cylindrical,  calcareous  segments 
alternating  with  horny  connecting  joints.  It  is  found  fossil  in  the  Tertiary, 
and  has  been  reported  also  from  the  Cretaceous.  The  genus  Moltkia,  occurring 
in  the  Upper  Cretaceous,  has  cylindiical  joints  which  are  pitted  with  slight 
depressions  indicating  the  position  of  branches.  In  the  red  or  gem  coral 
{Corallinm,  Lin.)  the  axis  is  built  up  of  spinifoim  .sclerites,  Avhich  are  united 


fj 


h 

Kkj.  lf»0. 


^ Pitcio,  PhlUpjt,  Sitzmigs^ericlite  der  Wiener  Akad.  <ler  Wisseiisch.,  Bd.  92.  Jalirg.  1885. 


SUB-CLASS  III 


ANTHOZOA— OCTOCORALLA 


107 


by  a filiro-ciystalline  calcareous  matrix  impregnatcfl  ivith  organic  matter.  It 
is  found  Imt  rarely  in  the  fossil  state,  Init  is  known  from  the  Cretaceous  and 
Tertiary. 

Family  4.  Tubiporidae.  Miliie-Edwards  and  Haime. 

Cffralla  comjmed  of  red-coloured  parallel  calcareous  tubes  connected  bij  horizontal 
plates. 

The  cylindrical  tubes  of  the  recent  Organ-pipe  Coral  {Tubiporu)  are  com- 
posed of  spiniform  sclerites,  which  are  united  with  one  another  directly  in  such 
manner  as  to  enclose  small  hollow  sjiaces  appearing  superficially  as  pores.  The 
connecting  horizontal  plates  or  floors  are  traversed  by  canals  which  communicate 
with  the  visceral  chambers  of  the  tidies  by  means  of  numerous  round  openings  ; 
new  corallites  are  Inidded  from  their  upper  surfaces.  Unknown  in  fossil  state. 


Family  5.  Helioporidae.  Moseley. 


Ccdcareoiis  coi-ulla,  composed  of  two  series  of  tubiform  corallites  ; the  larger  tubes 
{autopores)  are  embedded  in  a strongly  developed  coenenchyma  made  up  of  smaller 
tubes  {siphonop>ores).  Both  autopores  and  siphonopores  are  closely  tabulate;  the 
autopores  are  provided  with  ridge-like  pseudosepta,  which,  however,  do  not  correspond 
numericedly  with  the  tentacles. 

The  affinities  of  the  Helioporidae  with  the  Octocoralla  were  first  pointed  out 
by  Moseley.^  The  larger  polyps  inhalnt  the  autopores,  and  are  furnished  with 
eight  mesenterial  folds  and  a crown  of  eight  tentacles ; while  the  smaller 
polyps,  which  are  without  either 

are 
The 


tentacles  or  sexual  organs 
lodged  in  the  siphonopores. 
skeleton  is  composed  of  cal- 
careous trabeculae,  the  same  as 
in  the  llexacoralla,  from  whose 
centres  of  calcification  radial 
fibres  extend  outwards  in  caespi- 
tose  fashion.  The  siphonopores 
multiply  liy  intermural  gemma- 
tion, while  the  autopores  are 
formed  by  the  coalescence  and 


Fig.  191. 


Hclinpnra  Partschi,  Rruss  sp.  Upper  Cretaceous  ; St.  GiIif,ori 
on  Wolfgangvsee,  Salzkammergut.  A,  Corallum,  natural  size. 
. - _ B,  Portion  of  surface,  enlarged.  C,  Pohitrerwu-is  Blainrincnmi, 

iuSlOll  of  a number  of  the  siphoilO-  Reuss.  Upper  Cretaceous;  Gosau,  Saizkanimergut.  Vertical 

^ section,  enlarged. 

pores. 

Heliopora,  Blainv.  (Fig.  191,  A,  B).  Corallum  massive  or  ramose  ; autopores 
with  12-25  slightly  developed  pseudosepta,  and  emliedded  in  a coenenchyma 
made  up  of  smaller  siphonopores ; the  latter  are  more  closely  talmlate  than  the 
autopores.  Cretaceous  to  Recent. 

Polytremacis,  d’Orb.  (Fig.  191,  C).  Like  Heliopora,  l)ut  pseudosepta  much 
more  strongly  developed,  sometimes  reaching  nearly  to  the  centre.  Cretaceous. 

Certain  Palaeozoic  corals  (Heliolitidae)  exhibiting  characters  very  similar  to 
Heliopora  are  assigned  to  the  same  •vicinity  with  the  latter  by  IMoseley, 
Nicholson,  and  other  authors.  Like  Heliopcwa,  the  corallum  in  these  forms  is 
massive,  and  consists  of  larger  tulies  embedded  in  a coenenchyma  formed  of 


Museley,  II.  A.,  Philo.sophical  Tran,sactioii.s,  Royal  Society,  vol.  166,  1877. 
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smaller  tubes.  Both  series  of  corallites  are  provided  ivith  numerous  horizontal 
tabulae  ; and,  as  in  lleliojiora,  the  autopores  are  jiroduced  by  the  coalescence  of 
a numl)er  of  adjoining  coeuenchymal  tubes.  In  the  lldiolitidne,  however, 
tweh  e well-developed  septa  are  uniformly  present.  The  walls  of  the  corallites 
are  composeil  of  homogeneous,  compact,  calcareous  matter,  and  exhiliit  the  same 


,1  li  r 


l•'ul.  r.i2. 

IMiolites  /lorosa,  GoMfii.ss.  Devoni.in  ; KiM.  .1,  Coi'aHnni,  n.itiiral  sizp.  ]!,  Portion  of  outer  surface 
enlargeil.  C,  Longitudinal  section,  enlarged. 


histological  structure  as  the  Farodfidae  and  Chadetuhte.  Owing  to  these 
anomalies  the  systematic  position  of  the  Heliolifidne  remains  uncertain. 

Jfdiolifes,  Dana  (Fig.  192).  Corallum  massive,  nodular,  or  ramo.se.  Auto- 
pores with  twelve  more  f>r  less  strongly  developed  pscudosepta,  though 
occasionally  represented  by  rows  of  spinules,  and  freipiently  with  central 
columella.  Siphonojiores  without  septa,  and  multiplying  by  fis.sion  or  inter- 
mural  gemmation.  Aliundant  from  Ordovician  to  Devonian. 

Fhismoporn,  E.  and  H.  Like  Jldiolite.%  but  having  walls  of  the  siphonojiores 
incomjilete,  and  talmlae  of  contiguous  tubes  fused  together  so  as  to  form  a 
vesicular  tissue.  Ordovician  to  Devonian. 

« 


Class  2.  HYDROZOA.  Huxley,  llydroid.s  and  Medusae.^ 

Sessile  or  free-suirnminrj  poh/jis  or  pnhiji  sforls,  mthont  oesojihujeal  tube,  and  with 
riiDple  (jnstroviisadar  cnrif/i  not  divided  info  rodiol  pondics. 

The  Hydrozoans  ;irc  organisms  which  I'arely  secrete  hard  jiarts,  and  hence 
are  ill-adapted  for  preservation  in  the  fossil  state.  The  ramifying  polyp  stocks 
are  usually  inferior  in  size  to  those  of  the  Anthozoo,  and  possess  always  a 
simpler  structure  ; dimorphi.sm  oi-  polymorjdii.sm  i.s,  however,  cxhilntcd  by  the 
ditfereut  individuals,  some  of  which  perform  .solely  vegetative,  and  others  only 
locomotive  bmetions.  Of  great  interest  is  the  ])i-evailing  alternation  of  genera- 
tions, in  which  process  fixed  polyj)  stocks  give  rise  to  a generation  of  free- 
swimming  Medusae,  the  eggs  of  which  develop  in  turn  into  polyps. 

The  Jliidrnzoo  are  ;dl  acpiatic,  iuid  with  few  exccjftions  are  inhabitants  of 
the  sea.  They  are  commonly  divided  into  the  two  following  sub-classes  : — 
Iljldronieditsoc  and  AvolepJwe. 

’ Ili'xlei!.  T.  JL,  The  Oeeanic  Hydrozoa.  London,  1859. — Af/assiz,  A.,  North  American  Aca- 
lepliae  (111.  Ca'.  Museum  Comp.  Zool.  Cambridge,  11.),  1865. — Jlhicks,  T.,  Natural  History  of  the 
British  Hydroid  Zoo"hytes,  London,  1868. — Claus,  C.,  Unter.suchungen  hher  die  Organisation,  etc., 
der  Medusen.  Leijizic,  1883.  Cf.  also  references  on  jip.  109,  114,  and  121. 
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Sub-Class  1.  HYDROMEDUSAE.  Vogt.’ 

Sessile  or  free-swimming,  usually  branching  colonies,  with  dimorphic,  nutritire,  and 
rep^'oductive  polyps  ; the  latter  frequently  become  liberated  in  the  form,  of  small,  free- 
swimming  Medusae,  with  non-lobate  umbrellas  composed  of  a hyaline,  gelatinous 
substance. 

Six  orders  of  Hydromedusae  are  recognised — Hydrariae,  IJ ydrocorallinae, 
Tuhulariae,  Campamdariae,  Trachymedusae,  and  Siphonophorae.  But  of  these  only 
the  H ydrocorallinae,  Tuhulariae,  and  Campanulariae  secrete  dural >le,  calcareous,  or 
chitinous  structures. 


Order  2.  HYDROCORALLINAE.  Moseley.-' 


01’ 


Nuked  polyps  secreting  at  the  base  a dense  calcareous  skeleton,  traversed  at  intervals 
by  two  series  of  vertical  tubes,  into  which  the  dimorphic  zoijids  can  be  retracted. 

The  Hydrocondlinue  comprise  the  two  recent  groups  3Iilleporidae  and  Stylas- 
teridae,  which  were  universally  regarded  as  true  corals  until  Louis  Agassiz  and 
Moseley  proved  their  relationship  to  the  Hydrozoa. 

3Iillepora,  Lin.  (Fig.  193).  Massive,  foliately  expanded,  encrusting 
branching  polyparia  (coenosteum),  often  attaining  consideral»le  size.  L^ppei 
surface  punctured  l)y  round  open- 
ings of  the  larger  tubes  {gastro- 
pores),  between  which  are  the 
mouths  of  numerous  smaller 
tubes  {dactylopores).  The  skeleton 
is  composed  of  a network  of 
anastomosing  calcareous  fil  >res, 
traversed  by  a system  of  toituous 
canals.  The  gastropores  lodge 
the  larger,  nutritive  polyps,  and 
the  dactylopores  the  smaller,  food- 
procuring zoiiids  ; the  latter  have 
no  mouth,  but  are  provided  with 
short,  clavate  tentacles  on  their 
sides,  and  their  tubes  communi- 
cate with  the  vermifoi'in  canals. 

Zooidal  tubes  taludate,  but  non- 
septate.  The  genus  is  an  important  reef-1  )uilder  of  the  present  day,  but  occurs 
only  sparsely  in  the  fossil  state.  Earliest  known  forms  appear  in  the  Eocene. 

Stylaster,  Gray.  Branching  jrolyparia  composed  of  a network  of  fibrous, 
rose-coloured  coenenchyma,  in  which  are  situated  calicTilar  depressions  that  are 


Fig.  193. 


A,  Upper  surface  of  coeiio- 


Millepoiu  nodosa,  Esp.  Recent, 
steum,  showing  gastropores,  V,  and  dactylopores,  c,  -i®/!.  B,  Ver- 
tical section,  I:,  gastropores  with  tabulae,  t ; c,  Vermiform  canals 
coiiimimicating  with  dactylopores,  80/^  (after  Steinmaim). 


^ Allman,  J.  O.,  Monograph  of  tlie  Gyniuoblastic  or  Tubularian  Hydroids  ; Ray  Society,  1871-72. 
— Steinmann,  G.,  Ueber  fossile  Hydrozoen  aus  der  Faiiiilie  der  Coryiiideu  (Palaeoutograpliica,  Bd. 
XXV.),  1877. — Ueber  triasi.sche  Hydrozoen  voni  o.stlichen  Balkan  (Sitzung.sber.  IViener  Akad. 
math.  phys.  Classe,  Bd.  CII.),  1893. — Canavari,  J/.,  Idrozoi  Titoniani  apparteiianti  alia  Faniiglia 
delle  Ellipsactinidi  (Mem.  Coniitato  Geol.  vol.  IV.),  1893. — Nicholson.  H.  A.,  Monograph  of  the 
British  Stromatoporoids  (Palaeoutographical  Society),  1886-92. — BarcjaJzki,  A.,  Hie  Stromatoporen 
des  rheinischen  Devons.  Bonn,  1881. 

- Moseley,  II.  N.,  Philosophical  Transactions  Royal  Society,  vol.  167,  1878. 
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pI•o^•i(le(l  with  pseudosepta  and  columellae,  and  communicate  M’ith  the  zooid 
tubes  and  vermiform  canals.  Recent,  and  occurring  sparse!}’  in  the  Tertiary. 


Order  3.  TUBULARIAE.  Allman. 

1‘ohjp  stocks  ichich  ore  either  nuked  or  covered  with  chitiiwus  outer  layer  (periderm). 
Both  the  polypoid  nutritive  ~.odids,  ami  oho  the  medusoid  reproductive  animals  are 
without  cuji-shaped  hydrothecae  surroundiny  the  polyp  head.  A chitiiwus  or  calcareous 
skeleton  (hydropihyton)  is  freipiently  secreted,  at  the  base.. 

Ifydroctiiiio,  v.  Bencd.  (Fig.  19-1).  llydrophyton  in  the  form  of  cncriLsting, 
chitinous,  rarely  calcareous  e.xpansion,  frc(piently  investing  gastropod  shells. 

'I'he  crust  consists  of 
successive,  slightly  sepa- 
I'ated,  horizontal  laminae, 
which  arc  supported  hy 
numerous  vertical  rods 
or  columns  {radial 
jnllors).  The  surface  is 
covered  with  projecting 
hollow  spines  and  tuber- 
cles, and  is  also  traversed 
by  shallow,  branching 
groo\  es  (astrorhhae).  In- 
terlaminar spaces  com- 
municating with  the  sur- 
face by  means  of  rounded 
tubes.  Tertiary  and 
Recent. 

Ellipsoctinia,  .Steinm. 

1 lydrophyton  irregu- 
larly ellipsoidal,  com- 
posed of  thick,  concen- 
tric, slightly  separated, 
calcareous  lamellae, 
which  arc  united  by 
s])arscly  ilistributed  vertical  columns.  Lamellae  are  formed  by  the  anastomosis 
of  e.vceedingly  delicate  calcai'cous  fibres,  punctured  by  numerous  fine  radial 
tubes,  and  furnished  on  both  sides  with  pits,  tubercle.s,  and  branching  furrows. 
Upper  duras.sic  (Tithonian) ; Alps,  Carpathians,  and  Apennines. 

Sjdmeroctioio,  Steinm.  Like  the  preceding,  but  composed  of  thin,  widely 
sepaiatcd  lamellae,  which  ai'C  supported  by  numerous  radial  ])illars.  Centre 
fixaiuently  occupied  by  a foreign  body.  Upper  Jurassic  (Tithonian). 

t Jjoftnsia,  Brady  (Fig.  195).  Ellipsoidal  or  fusiform  bodies,  composed  of 
thin,  concentiic,  oi'  spirally  I'olled  calcareous  lamellae.  Interlaminar  spaces 
wide,  intei'sected  by  numerous  radial  ])illars,  and  often  secondarily  filled  with 
calcareous  mud.  Eocene  ; Persia. 

Porkerio,  Carp.  Globular  or  walnut- shaped  organisms  with  nodulated 
exterior,  and  composed  of  rather  thick,  concentric,  calcareous  lamellae.  Inter- 
laminar spaces  divided  into  chamberlets  by  stout  radial  which  usually 


I'lc.  r.u. 

* A,  II crhinntfh  V\e\w.  Ui>coiit : Xortli  Sea.  Portion  of  jtarasitje 
colofiy.  ;r!<*atly  <*nlar^»*(l  ; Ini.  Pnlyi'S  (hydraiitlis) ; r/o,  (tciiprative  Imds 
(•;ono])liorL*s) : hph.  Hy(lro]>liyton  aillicreiit  to  sludl  of  Bnccinium  umlatum, 
ami  sliowin;:  roticulated  stnictun*  in  vertical  section.  J>.  JI fidmclhiw 
cnlrnrt'd,  (’art.  Vertical  section  of  liydn)i>liyton,  jircatly  enlarged  (after 
Carter);  n,  I’rimary  basal  lamella;  Interlaminar  space;  c,  Second 
lamella;  <!,  Radial  pillars  lictween  the  lamellae;  c,  f.  Tubercles  ami  spines 
])rqjecting  on  upper  surface.  (\  Ifiidrttcdnio  Alim.  I’liocene  ; 

Asti,  Italy.  I (ydro]>hyton  encrusting  on  yasso  shell  (natural  size). 
I>,  Portion  of  magnilied  surface  of  the  latter,  showing  branching  grooves 
and  wartdike  tubercles. 
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extend  continTiously  thi’ough  a number  of  lamellae.  Both  lamellae  and  pillars 
consist  of  minutely  tubulated  tissue,  the  tubules  of  which  are  radial  in  arrange- 
ment. Centre  frequently  occupied  l>y  a foreign  body.  Cambridge  Greensand 
(Cenomanian). 

The  genera  Parkeria  and  Loftumi  were  originally  descrilied  as  agglutinated 
Foraminifera ; Imt  they  are  manifestly  very  closely  allied  to  EUipsuctinia  and 
Sphaeractinia . 

Porosphami,  Steinm.  (Fig.  196).  Glolmlar  masses  of  the  size  of  peas  or 
hazel-nuts,  frequently  growing  around  some  foreign  liody,  and  composed  of 
anastomosing  calcareous  fibres  which  are  penetrated  by 
numerous  raclial  tubules  ; the  latter  open  on  the  surface  in  the 
form  of  lai'ge  poi'cs,  ai'ound  which  radial  or  stellate  furrows 
(astrorhizae)  are  sometimes  grouped.  Upper'  Cretaceous. 


Fig.  195. 

Loftusia  Persica^  Brady.  Eocene  ; Persia.  A,  Specimen  cut  open  to  show  general 
structure,  natural  size  (after  Brady).  B,  Section  sliowing  two  lamellae  and  inter- 
laminar lining,  greatly  enlarged. 


B 


Fig.  196. 

Porosphaera  glohu- 
Pliill.  sp.  Upper 
Cretaceous ; Riigen. 
A,  Skeleton,  natural 
size  ; ?,  Cavity  origin- 
ally occupied  by 
foreign  body.  P,  Tran.s- 
verse  section  sliowing 
radial  tubes  of  gastro- 
pores,  -h  (after  Stein- 
mann). 


Stoliczkaria,  Duncan.  Ti'ias  ; Karakoram  and  Balkan  IMountains. 

HeterasUidiuni,  Reuss.  (Siiringosphaeria,  Duncan).  S2)heroi<lal,  nodular 
bodies  of  considerable  size,  composed  of  slender,  anastomosing,  and  more  or 
less  distinctly  radial  calcareous  filu'es.  Skeleton  compaivitively  dense,  l)ut 
perforated  by  two  series  of  zooidal  tulies  appearing  superficially  as  pores.  The 
apertures  of  the  larger  tul>es  are  round,  those  of  the  smaller  stellate,  and  are 
surrounded  by  radial  furrows.  Alpine  Trias. 


Appendix  to  the  Hydrocorallinae  and  Tubulariae. 

Stromatoporoidea.  Nicholson  and  Murie. 

Closely  allied  to  the  Ilijdrocoralliwie  and  Hijdradinia  are  the  extinct  Stromato- 
poroidea, which  combine  in  many  respects  the  characters  pertaining  to  l)oth  of 
the  above-named  groups,  but  whose  exact  j^osition  in  the  zoological  system 
remains  as  yet  uncertain.  During  the  Palaeozoic  era,  to  which  they  are  con- 
fined, the  Stromatoporoids  were  im^mrtant  geological  agents,  whole  lieds  of 
limestone  being  often  essentially  constituted  of  their  remains.  In  the  Mesozoic 
era  they  are  replaced  liy  very  closely  allied  forms  of  Ih/dradhiia,  which  in  all 
probability  rejjresent  their  immediate  descendants. 

The  Stromatoporoids  secrete  hemispherical,  globular,  nodular,  or  horizontally 
expanded  skeletons,  which  ai'e  sometimes  enci'usting,  sometimes  attached  by  a 
short  basal  jjeduncle,  and  are  covered  on  the  under  side  with  concentrically 
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MTiiiklcd  epithecH,  while  the  apertures  for  the  eiiiissioii  of  the  polyps  arc 
situated  on  the  upper  surface.  The  general  tissue  of  the  coeiiosteuiu  is  coiu- 
])osed  of  numerous,  concentric,  undulating,  calcareous  layers  or  lamimte,  which 
are  separated  by  narro^eer  or  wider  interlaminar  spaces,  but  are  at  the  same 
time  connected  by  numerous  I'crtical  rods  {rmliul  pillnrs).  The  pillars  as  well 
as  the  laminae  are  traversed,  as  a rule,  by  minute,  irregularly  directed  canaheuli. 
In  some  genera  the  coenosteum  is  provided  with  vertical  talmlatc  tidies, 
which  most  probably  served  for  the  reception  of  the  polyps,  as  in  the  genus 
MlUrporn ; liut  in  many  instances  they  arc  wanting.  The  surfaces  of  the 
laminae  typically  e.xhibit  pores  and  small  tidierele.s,  and  frequently  ahso  shallow 
stellate  furrows  {(istwi-lii.uie),  which  radiate  outwards  from  numerous  centres. 
Sometimes  the  laminae  consist  merely  of  a loose  network  of  horizontal  calcareous 
fibres. 

Goldfuss  at  first  held  the  Stromatoporoids  occurring  so  profusely  in  the 
Eifel  for  corals  (MiHe/wni),  and  subsequently  for  sponge-like  zoojihytes  ; while 

von  Kosen  considered 
them  as  horny  sponges 
that  had  become 
secondarily  calcified. 
Sandberger  and  F. 
Koemer  assigned  them 
to  the  Hryozoans; 
I )awson  to  the  Foram- 
inifera;  Sollas  to  the 
silicious  sponges  (//cavic- 
finellidc) ; and  Salter  to 
the  calcareous  sponges, 
who.se  e.xample  Nichol- 
son also  followed. 
Lind.stiiim,  Carter,  and 
Steinmann  sub.sequently  pointed  out  their  relations  to  lli/drartinid  and  illille- 
poni  ; and  N icholson  and  Miirie  now  i-egard  them  as  constituting  an  indejjendcnt 
giou])  of  extinct  llydrozoans  allied  to  Ifiidmctiind  on  the  one  hand  {^Irthiostro- 
iniddi'),  and  Millejiord  on  the  other  {Sfro/tudoporidde  and  Idiosfromiddc). 

. led  nosf  I'll  did,  N'ich.  (h’ig.  1!)7).  Skeleton  having  vertical  or  radial  pillars 
disposed  at  tolerably  regular  intervals,  and  extending  continuously  through  all 
oi-  at  least  a considerable  number  of  laminae  ; in  vertical  sections,  accordingly, 
exhibiting  a (piadrate  meshwork.  The  laminae  consist  of  an  anastomosing 
network  of  calcareous  fibre.s,  generally  having  a jiorous  .structure  ; their  .surfaces 
are  covered  with  projecting  granules  or  tubercle.s,  which  rc])rescnt  the  free 
iqqier  ends  of  the  vertical  pillars.  Fare  in  Silurian,  but  very  abundant  in 
1 )evonian  of  the  Eifel,  England,  and  North  America,  yl.  chdhrdtudi,  Nich. 

(^  = Sfromidoj/oni  adircidrini,  pp.,  Goldf.) 

Chdlinididjioii,  Nich.  Like  the  preceding,  but  with  radial  pillars  extending 
oidy  between  the  upper  and  lower  surfaces  of  succes.sive  laminae.  Characteristic 
of  Silurian  ; rare  in  Devonian. 

dtrorndtopord,  Coldf.  emend.  Nich.  (Pdcki/stroddi,  Nich.  and  Murie),  (hh’g. 
198).  lladial  pillars  uniting  with  the  thick  concentric  strata  or  latilaminae  to 
form  a finely  reticulated  tissue,  in  which  talmlate  zoiiidal  tubes  are  sparsely 
distributed.  I’lentiful  in  Devonian;  le.ss  common  in  Silurian. 


Fli:.  1V7. 

Ai  tiiinstroinfi  I Silurian  (Wenl(jck) ; Shropsliirr.  .1, 'I'an- 
^'Hiitial  suction  sliowinj^  radial  pillars  and  rcticulatcfl  structuru  of  concentric 
laminae.  /-*,  Vertical  section,  showing'  formation  of  laminae  out  of  processes 
Jiveii  olfhorizontally  by  radial  itillars,  (after  Xicliul.soii). 
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Caunojjora,  Lonsd.  (Fig.  199),  and  Duqiora,  Bargat.,  are  .Stromatoporoids 
which  are  indistinguishable  from  other  species  except  by  the  presence  of 
numerous  definitely  walled  tubes  penetrating  the  coenosteum  at  closer  or 


Fig.  19S. 

Stroinotopow  tuberculata,  Xicli.  Utvonian 
(Coi’niferous  limestone);  Jarvis,  Ontario. 
Natural  size  (after  Nicliolson). 


-•1  C 


Devonsliire.  A,  Tangential  section,  natural  size. 

B,  Tlie  same,  highly  magnified  ; a.  Vertical  ‘‘  Cauno- 
pora  tube  ” ; 6,  Canal  jiartially  cut  into  ; c.  Calcar- 
eous fibres  traversed  by  delicate  ramifying  canaliculi. 

C,  Vertical  section,  highly  magnified. 


remoter  intervals.  The  tubes  are  often  thick- walled,  are  furnished  with 
horizontal  or  funnel-shaped  tabulae,  and  occasionally  with  septal  spines ; in 
many  cases  they  evidently  represent  the  corallites  of  Aulopom.  and  S//ringo2xmr 
colonies,  which  have  become  enveloped,  Init  have  continued  to  live  commensally 
within  the  tissues  of  the  Stromatoporoid.  In  other 
cases,  however,  the  tubes  apjjear  to  have  been  formed 
by  true  Stromatoporoid  polyps.  Devonian. 

Hermatostroma,  Nich.  (Fig.  200).  Massive  or 
foliaceous  skeletons,  composed  of  thick  parallel  lati- 
laminae,  connected  by  vertical  pillars  ; pillars  often 
running  continuously  through  several  concentric 
laminae.  Both  pillars  and  himinae  exhibit  a dark 
median  line  when  viewed  in  cross-section,  indicating 
either  the  presence  of  axial  canals  or  composition 
out  of  two  lamellae.  Devonian. 

Idiostromo,  Winch.  Coenosteum  cylindrical  or 
fasciculate,  traversed  by  axial,  tabulate  zooid.d  tubes, 
which  give  off  secondary  lateral  tubes.  General  tissue  reticaihited,  similar  to 
Stromufoporu.  Devonian. 

StjjJodictyon,  Stronmtoporella,  and  S//ringosiroiiui,  Nich.;  Amphipiom,  .Schulze; 
Stachyodes,  Bargat.  Devonian  of  Europe  and  North  America. 

A number  of  genera  are  descrilfed  by  Waagen  and  Wentzel  from  the 
Pernio -Carlfoniferous  rocks  of  Farther  India,  such  as  Carterinn,  Diyedopora, 
Oircojxjra,  etc. 


Fig.  200. 

Henmtostronw.y  sp.  Devonian  : 
Tor(.[uay,  Devonshire.  «,  Horizontal 
lamina  composed  of  two  slightly 
separated  lamellae  ; h,  Iiiteiiaminar 
chainberlet ; c,  Radial  pillar  tra- 
versed by  axial  canal. 


Order  4.  CAMPANULARIAB.  Allman. 

{Lcptomedusue,  Calypttoblasfea,  Allman  ; Thecaphoru , Ilincks.) 

Delicate,  branching,  plant-lilce,  sessile  colonies,  with  chitinous  periderm  envelophuj 
the  base,  peduncle,  and  also  the  cup-lihe  receptacles  {hydrothecae)  icliich  enclose  the 
VOL.  I I 
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individual  poJj/ps.  The  proliferous  zoiiids  are  developed  within  urn-shaped  captsules 
(f/onothecae)  of  coinpandiveli/  lanje  size,  and  sometimes  herome  separated  off  as 
free-su'immiiaj  relate  Medusae. 


Although  existing  Cumpaiiularians  (Sertularidae,  Tluinuluridae,  Campanu- 
laridae)  are  provided  with  a dural  )le  periderm,  tlieir  remains  have  not  as  yet 
lieen  detected  in  the  fossil  state,  with  the  exception  of  a few  forms  from  the 
Pleistocene.  Nevertheless,  in  the  Upper  Cambrian,  Ordovician,  Silurian,  and 

occasionally  in  the  Devonian,  numerous 
finely  branching  plant -like 
found 


w 


hich 


])lant-like  remains  arc 
arc  sometimes  furnished  with 


a strong  foot-stalk,  and  sometimes  terminate 


acutely  at  the  base  ; the  original  substance 
of  which  was  undoubtedly  chitiuous.  These 
forms  are  groujied  together  under  the 
common  term  Chalophora,  liopkinson,  and 
may  be  regai-ded  as  early  types  of  the  Cam- 
pauulariae.  Particularly  well  - preserved 
specimens  exhibit  on  one  or  occasionally  on 
both  sides  of  the  branchlets  small  cellules 
or  hydrothecae,  which  evidently  served  for 
the  reception  of  zoiiid.s.  Very  often  the 
branches  are  united  by  numerous  slender 
transverse  ])roce.sses  or  dissepiments. 

In  the  genera  Deudrotjraptus,  Callograptus, 
Thamnoi/raptus,  and  Inocaulis,  Hall  ; C(diipto- 
graptus,  Sjiencer  ; Bripgraptus,  Lapworth, 
etc.,  the  organisms  are  provided  with  a 
thick  foot-stalk,  by  which  they  were  prob- 
ably attached  to  some  foreign  object.  The  branches  arc  numerou.s,  slender, 
often  bifurcating,  bear  hydrothecae,  and  arc  connected  by  transverse  processes. 

Diettjonema,  Hall  {Dicti/ograplus,  Hopkin.),  (Fig.  201).  Funnel- or  fan-shaped 
branching  fronds  terminating  acutely  at  the  base,  and  jirobably  unattached. 
Branches  united  at  short  intervals  by  dissejiimeuts,  and  furnished  distally  on 
one  side  with  hydrothecae;  the  latter,  howevei;  are  rarely  well  jireservcd. 
Oi'doviciau  to  Devonian.  I*articularly  common  in  Ordovician  rocks  near 
Christiaida,  Norway,  but  usually  compressed  i?ito  fan-like  networks. 


t/,  ]>irfiftnif  inn  rt't Hull.  Silurian 
(Niaj;ara);  Liic'ki>i)rt,  New  York.  Natural  size. 
h,  JUdnoiirmn,  sp.  Hranch-ljearinj;  liydrotlu'cae. 
Kroni  brirt  of  Nortljoni  Germany  (after  Dames). 


Appendix  to  the  Campanulariae. 

Graptolitoidea,  Laiiworth  (Jlladidophora,  Allman).^ 

I nder  the  term  (Irajitolitoidca  or  (Ira|)tolites  are  included  organisms  which 
are  genei'allv  found  accompanying  the  Chalojdinra  in  Ihdaeozoic  strata,  and 

1 r.iirr<imlc,  Grai)tolites  <le  Bolu-nic.  I’raKiu-,  II.  V..,  Die  Versteiiieruiigen  i 

iler  Grainvackeiiforiiiation  in  Sachsen.  Leipsic,  18.n‘2.  — Die  (jrajjtolithen  des  inineralogischen  j 
Jliisenms  in  Drcs.len,  ] 8!»0.— //»//.  J..  Graiitolites  of  tlie  Qnehec  (ironji.  Canadian  Organic  Remains,  ! 
Decade  II.  ((ierd.  Snrv.  Canada),  186.5. — Uerrmann,  ().,  Die  Gr.aptolitlien-Fandlie  Dichograi>tidae,  i 
IgS.n.— //(//>«.  O'..  Gotlands  (iraptoliter  (Biliang  Svenska  Vetensk.  Ak.  JIandl.  vol.  XVL),  1890.— 
On  Diilvmngi’aptns,  Tetragra[itns,  etc.  (Geol.  Fdrcn.  Stoekholni  k'drhandl.  X\  II.),  1895. — Lapv;orlh,  , 
(J.,  Notes  on  tlie  Britisl]  Graptolites  (Geol.  M.ag.  vols.  .X.  and  XIII.),  1873-76.  Also  various  papers 
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Avhich  have  been  considered  by  various  authors  as  plant  I'emains,  horny  sponges, 
PennatuHdae,  Cephalopods,  and  Bryozoans.  Portlock,  in  1843,  first  pointed  out 
their  analogy  with  the  Sertularians  and  Plumularians  ; and  his  inferences  as  to 
their  common  relationship  Avere  gradually  corroborated  by  the  jiainstaking 
researches  of  Allman,  Hall,  Hopkinson,  LapAvorth,  Nicholson,  and  others.  The 
Graptolites  differ,  hoAvever,  from  all  existing  Hydromedusae,  and  also  from  the 
closely  related  Cladophora,  in  the  fact  of  their  non-attachment,  and  in  that  a 
rod-like  axis  is  almost  invaiial)ly  deA^eloped  in  the  periderm. 

Graptolites  are  generally  found  in  an  imperfect  state  of  preservation,  lying 
flattened  in  the  same  plane  upon  the  slaty  laminae  in  Avhich  they  are  embedded, 
and  associated  in  large  numbers.  More  rarely  they  occur  in  limestone,  Avhen 
the  internal  cavities  ai'c  filled  Avith  calcareous  matter,  and  the  original  form 
accurately  preserved. 

The  general  skeletal  tissue  {'periderm)  AA’as  obAuously  flexible,  and  composed  of 
smooth  or  finely  striated  chitine ; usually  it  has  the  form  of  a dense  continuous 
membrane,  but  in  the  Betiolitidae  it  is  attenuated  and  supported  by  a latticed 
netAVork  of  chitinous  threads.  It  is  usually  preserved  as  a thin  bitumino- 
carbonaceous  film,  Avhich,  hoAvever,  is  often  infiltrated  Avith  pyrites,  and  is  not 
infrequently  replaced  by  a glistening  greenish-Avhite  silicate  (GiimlAelite). 

The  organism  or  liydrosoma  of  the  Graptolites  is  usually  linear,  more  rarely 
petaloid  in  form,  undivided  or  branching,  and  is  either  straight,  bent,  or  in 
exceptional  instances  spirally  enrolled.  Cup-shaped  hydrothecae,  Avhich  are 
usually  obliquely  set  and  more  or  less  OA'eilapping,  are  borne  on  one  or  on 
both  sides  of  the  polypary,  and  are  united  l>y  a common  coenosai'cal  canal 
enclosed  in  the  periderm.  The  polypary  is  strengthened  by  a peculiar  chitinous 
axis  {virgula,  solid  axis),  Avhich  in  the  monoprionidian  forms  runs  in  a groove 
lying  outside  the  coenosark  on  the  dorsal  side  of  the  organism  (i.e.  on  the  side 
opposite  to  the  polypiferous  margin).  But  in  the  Inseiial  Graptolites  the 
virgula  is  generally  doul)le,  and  the  tAvo  halves  are  either  enclosed  IjetAA’een  the 
laminae  of  a central  or  sub-central  septum,  Avhich  is  foi'med  l)y  the  coalescence 
of  the  flattened  dorsal  Avails  {Diprionidae) ; or  they  are  placed  on  opposite  sides 
of  the  coenosark,  and  are  united  Avith  the  peridermal  netAvork  {lletiolitidue). 
Very  commonly  the  virgula  projects  at  one  or  at  both  extremities,  but  notably 
at  the  distal  end  of  the  polypary,  as  a longer  or  shorter  naked  filament ; its 
proximal  extension  is  often  called  the  radicle. 

Springing  from  the  common  canal,  Avhich  runs  parallel  Avith  the  virgula,  is 
a series  of  hydrothecae  {thecae,  cellules,  denticles),  Avhich  are  disposed  in  longi- 
tudinal roAvs  along  either  one  (Fig.  202),  tAvo  (Fig.  203),  or  four  sides  of  the 
polypary.  They  usAially  have  the  form  of  elongated,  cylinch'ical,  rectangular,  or 
conical  sacs ; their  Avails  are  in  most  cases  applied  to  those  of  their  neigh].)ours 
above  and  beloAv,  although  occasionally  they  spring  out  quite  isolated  from 
one  another.  Each  hydrotheca  opens  directly  into  the  common  canal,  and  is 
furnished  distally  Avith  an  external  aperture,  the  foi'm  and  size  of  Avhich  vary 

in  Quart.  Journ.  Geol.  Soc.,  1875,  1878,  1881,  and  in  Annals  and  Mag.  Nat.  Hist.  1879,  1880. — 
Nicholson,  II.  A.,  Monograph  of  the  British  Graptolitidae,  1872. — Penier,  J.,  Etudes  snr  les  Grap- 
tolites de  Boherne,  1894. — Richter.  R.,  Thiiringische  Graptolithen  (Zeitsclir.  deutsch.  geol.  Gesellsch.), 
Bd.  V.,  1853  ; XVIIL,  1866  ; ami  XXIIL,  1871. — Scharenbenj,  IT.,  Ueber  Graptolithen.  Breslau, 
1851.  Suess,  E.,  Ueber  boliinische  Graptolithen  (Haidinger’s  Naturw.  Abhandl.  Bd.  IV.  Abth. 
I.),  1851. — Tornquist,  S.  L..  Ob.servations  on  Graptolites  (Acta  Univ.  Lund.  XXVI.,  XXVIII., 
XXIX.),  1890-92.—  Wiman,  C.,  Ueber  Monograptns  und  DiplograiJtidae  (Bull.  Geol.  Iu.st.  LTpsala, 
I.),  1893.  [Translated  in  Journ.  Geol.  vol.  II.  p.  267,  1893.] 
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extremely  in  dili'erent  species.  In  some  forms  it  is  circular  or  (jnadrate,  and 
upwardly  directed  ; in  others  it  is  contracted  and  0})ens  interiorly,  when  the 
hydrothecae  are  Rent  downwards.  Not  infrecpiently  the  lower  li])  is  orna- 
mented with  one  or  two  slender  spinc.s,  which  often  suhdivide  and  inosculate 
with  one  anothei'. 


The  polypaiy  in  most  Graj)tolites  is  furnished  at  its  ])roximal  end  with  a 
minute,  triangular,  or  (lagger-sha])cd  body  called  the  4chIh  (Fig.  20d),  Avhich 
i ej)resents  the  oiiginal  embryonic  skeleton.  The  first  stage  of  dei  elopment 
consists  in  the  formation  of  an  axis  or  virgula  along  the  entire  length  of  the 
sicula,  which  axis  often  projects  freely  at  one  or  both  extremities  of  the  lattei'. 
Hydrothccae  are  then  budded  either  uniseiially  along  one  side,  originating  from 


A 1! 


I'lfi.  ■Jl).’. 

J,  (',  Mnnnijrc fit 
Hromi.  sp.  .Silurian  (Eta*;o 
K) : I’ragup.  -1,  lIy«lrosonia, 
iiatiiral  sizp.  />,  Idingilu* 
tlinal  seclion,  pnlargril.  i , 
Dursal  asj)cct,  piilargcd. 
/>,  Mniinfji'djittis  lUfhniuriis^ 
JJarr.  .'<amo  locality,  o,  Vir- 
gula ; f,  Coiiiiuou  canal;  (h, 
Hydrothfcae ; r,  Kxtprnal 
aperture  (after  liarraiide). 


I’n;.  20:i. 

r,  Vlhiwruiji'o jit  us  tfiiunilis, 
Hall.  ( )r<l(jvician  (Trenton 
limestone);  Cincinnati,  Ohio. 
<1,  Vertical  section,  enlargetl, 
.sliowing  central  virgula;  h,  In- 
<livi(lual  of  the  natural  size; 
r,  Cross-section,  enlargetl ; 
d,  e,  If! i>l<Kjr<tj>tus  imlnu’us-,  Harr. 
^Silurian  ; ITague.  Hyrlrosonia 
of  the  natural  size  and  several 
times  enlarged  (after  Harrande) ; 
/,  1 )! jiJiujru jtt us fol'mvrus,  Murcli. 
Ordovician  (Llandeilo  Croup); 
H(M)tlan<l.  Natural  size  (after 
Lapuorth). 


d 


I'li..  204. 


(•,  Mofififjitiptus  (jir(i(tr!us,  Sil- 

urian; 1 )oi)hs  Linn,  Scotland.  I’roxiinal 
end  showing  sicula,  eidarged  ; Jfldiww- 
<jroj<tus  )inni(ituh(s.  Hall.  ( )rdovician 
(Quehec  Croup) ; Point  Levis,  (!ana<ia. 
Proximal  einl  sliowing  sicula,  enlargetl 
(after  Lapworth). 


Vu..  205. 


I)!p}()(jni]>tus  Uliitjicldi,  Hall.  Sil- 
urian. l^olypary  furnished  on  both 
sides  witli  gonangia,  probably  <lehis- 
cent.  Natural  size  (after  Hall). 


neai'  tlie  major  end  of  tlie  sicula,  or  in  altei’iiatc  seipienco  along  both  of  the 
lateral  margins  of  the  sicula  ; Tjut  in  monopi  ionidian  types  the  entire  polypaiy 
is  developed  from  the  minor  extremity  of  the  sicula  alone.  The  sicula  itself 
ceases  to  grow,  as  a rule,  after  the  first  hydi'othccae  are  budded,  and  sometimes 
it  becomes  ob.solete  or  absorbed.  In  many  cases  it  develops  into  a terminal 
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vesicle,  or  a filiform  proximal  virgula,  or  again  into  two  spiniform  or  spnr-likc 
processes.  Sometimes  the  hydrosoma  remains  undivided,  sometimes  it  forms 
l)ranches,  which  may  diverge  at  various  angles ; in  other  cases  two  or  foTir 
monoprionidian  polyparies  may  he  placed  l)ack  to  1)ack  with  their  dorsal  walls 
coalescing,  thus  giving  rise  to  di-  or  tetra-prionidian  colonies.  In  the  latter 
types  the  coenosark  is  commonly  divided  Ijy  one  or  two  median  septa,  and 
the  primordial  buds  originate  at  various  distances  along  the  sicular  margin. 

Occasional  specimens  of  diprionidian  Graptolites  have  lieen  found  l)earing 
large  sac-like  or  irregularly  expanded  corneous  structures  (Fig.  20-5),  which  are 
comparable  with  the  ovarian  capsules  {gonaugia)  of  recent  Sertularians.  Further- 
more, the  singular  bodies  known  as  Dawsonia — small,  oval,  l>ell- shaped,  or 
conical  chitinous  capsules,  which  are  often  associated  with  Graptolites  in  vast 
numbers — are  regarded  by  Nicholson  as  detached  graptolitic  gonaugia. 

Graptolites  commonly  occur  in  argillaceous  schists,  more  I'arely  in  limestone 
formations,  of  the  Upper  Cambrian,  Ordovician,  and  Silurian  systems.  They 
seem  to  have  SAvarmed  in  the  muddier  portions  of  the  sea,  and  floated  either  as 
free-swimming  colonies,  or,  in  rarer  instances,  remained  stationary  Avith  the 
sicula  embedded  in  the  mud.  They  are  di  Added  into  three  groups  : — Mono- 
prionidae,  Diprionulae,  and  Retinlitidae. 


Sub-Order  A.  MONOPRIONIDAE.  Hopkinson. 


lljidrothecae  iinim'ialhj  developed  on  the  side  of  jwJi/jxirg  Iging  opposite  to  the 
virgula. 

Monograptas,  Gein.  {Monoprion,  Barr.  ; Pomotograptus  and  Pristiograptus, 
Jaekel),  (Figs.  202,  206).  Hydrosoma  undiAdded,  rectilinear,  or  curved,  some- 


ah  c 


Fk;.  20(3. 


«,  Monograptas  Nilssoni, 
Barr.  Silurian  (Alum  Schists); 
Griifeuwerth,  near  Schleitz, 
Germany;  b,  Monograptas 
colonus,  Barr.  Silurian  ; 
BliotsHeldj  Scotland.  Show- 
ing sicula  (after  Lapworth) ; 
c,  Monograptas  tarricaJatas, 
Barr.  Silurian  ; Prague  (after 
Barrande).  All  figures  natural 
size. 


Fjc.  207. 

Rastrltcs  Liiumci,  Barr. 
Silurian  ; Zekkowitz,  near 
Prague  (after  Barrande). 


Fkg  200. 

]>!illimograpfas  poinataJas,  Hall. 
Ordovician ; Point  Levis,  Canada 
(after  Hall). 


'I'cti'tigraptas  hrgonoi'Jcs,  Hall. 
(.)rdovician  ; Point  Levis,  Canada 
(after  Hall). 


times  helicoid.  Hydrothecae  in  contact,  usually  overlapping.  Aperture  either 
entire  or  contracted,  often  directed  doAviiAAvirds.  Almndant  from  base  to 
summit  of  Siluidan. 
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llustrites,  Barr.  (P'ig.  207).  Hyclro.soma  .simple,  .spirally  coiled.  Common 
canal  veiy  narro\\',  virgula  attenuated  ; liydrothecae  more  or  less  lineai-,  and 
separated  from  one  another  hy  considerable  intervals.  Silurian. 

Lqifogritjilus,  Laj)\v.  llyclrosoma  consisting  of  two  long,  filiform,  undivided, 
inequal  primary  branches,  with  hydrothecae  dci  eloped  from  major  c.xtremity 
of  the  common  .sicula.  Ordovician. 

CocHogrnjifus,  Hall  (Fig.  208).  Two  primaiy  branches  originating  from  the 
centre  of  a triangulai'  sicula,  curving  sigmoidally,  and  gi\  ing  off  simple  branches 
from  the  convex  .side  at  tolerably  regular  inter\als.  Ordovician. 

Ihihjmogrnptus,  i\l‘Coy  (Figs.  200,  212,  n).  Two  simple,  symmetrically 


a 


h 


Via.  211. 


Dicrn  nngro/itiii) 
mmosus,  Hall. 
()  r »l  o V i c i a II 
(lliulson  Hivor); 
New  York  (after 
Hall). 


lM(b  212. 

ff,  J)itlijhiofirn]ifnf!  Min'ihisoni , llcck  sp.  ( )r<lovician 
(IJaiuleilo  (iroiip);  Wales,  /i,  J>irhofjrn/itus  octohrttrhi(it)in, 
Hall.  Ordovician  ((Quebec  (iroujt);  Point  Levis,  Canada 
(after  Hall). 


P l(».  213. 


(1,0,  CUinnnxjrupt usi <ipio(iliSj 
Hall.  Onlovician  (Trenton 
limestone);  Cincinnati,  Ohio; 
o,  Vertical  section,  showing 
common  axis  in  the  centre, 
enlarged  ; Polypary  of  the 
natural  size  ; r,  Cross-section, 
enlargtfd.  t/,  c,  Diplnfjrnpttts 
jKfbnrufi,  Barr.  Silurian  ; 

Prague  ; //,  Poly]>ary  of  the 
natural  size  ; e,  Polyjfary  eii- 
largetl.  /,  Diphup'npiits  fnli- 
nrevs,  Murch.  Hilurian  (IJan- 
deilo  Group);  {Scotland. 

Natural  size. 


developed  branches  springing  from  a .small  axillary  sicula.  llydi’othccae  having 
the  form  of  flattened  rectangular  prisms,  iii  contact  throughout.  Ordovician. 

Tcfragruptus,  Salter  (Fig.  210).  i\Iajor  extremity  of  sicula  giving  rise  to  a 
non  - polvpiferous  connecting  process  (funkk)  which  .sends  off  two  .simple 
branches  at  each  end.  Hydi'osoma  bilaterally  .symmetrical.  (Jrdo-\  ician. 

Dkltograpius,  Salter  (Fig.  212,  (/).  Ifydro.soma  consrsting  of  eight  simple 
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monoprioiiidian  liranches,  which  originate  from  as  many  subdivisions  of  the 
funicle  ; the  latter  often  enveloped  in  a central  corneous  disk.  Ordovician. 

Dicranograptus,  Hall  (Fig.  211).  Hydrosoma  composed  of  two  symmetrically 
developed  Ijranches  which  are  coalescent  in  the  proximal,  and  free  in  the  distal 
portion  of  their  length.  Distal  ends  of  hydrothecae  isolated  and  incurved. 
Ordovician. 


Suh-Order  B.  DIPRIONIDAE.  Hopkinson. 


Hgdrosoma  consisting  of  two  or  of  four  rerticol  rov:s  of  Injclrothecoe  pJoced  hack  to 
hack,  with  the  virgulue  coalescing  to  form  a centra]  axis. 

i ff 


Diplograptus,  M‘Coy  (Fig.  213,  d,  /).  Hydrosoma 
linear,  diprionidian.  Hydrothecae  rectangular  in 
section,  inclined,  directly  overlapping.  Yirgula  em- 
hedded  in  a median  septum,  commonly  projecting 
distally  as  a long  fibre,  and  appearing  proximally  as 
a radicle.  Primordial  buds  originating  along  whole 
length  of  sicular  margins.  Ordovician  and  Silurian. 

Climacograptus,  Hall  (Fig.  213,  a,  c).  Like  the 
preceding,  but  with  hydrothecae  separated  and  stand- 
ing nearly  vertically ; they  are  furthermore  sub-oval  in 
section,  and  distally  somewhat  contracted.  Ordovician 
and  Silurian. 

PhijUograptus,  Hall  (Fig.  214).  Hydrosoma  leaf- 
like, and  composed  of  four  uniserial  I'ows  of  prismatic 
hydrothecae  coalescing  along  the  whole  length  of  their 
dorsal  margins.  Hydrothecae  often  with  two  lateral 
apertural  spines.  Base  of  the  Ordovician. 


Fig.  214. 

rhyllograptus  injms,  Hall. 
Ortloviciaii  (Quebec  Group); 
Point  Levis,  Canada,  a,  Several 
polyparies  of  the  natural  size  ; 
b,  Ideal  cross-section,  enlarged 
(after  Hall). 


Sub-Order  C.  RETIOLITIDAE.  Lapworth. 

Coeiwsark  of  the  common  canal  giving  origin  to  a biserial  polijpai'ii.  VirguJa, 
either  simple  and  centra]^  or  duplicate  and  attached  to  op>pmite  sides  of  the  periderm  ; 
the  latter  is  much  uttemiated,  and  supported  upon  a neticork  of  chitinous  fibres.  Sicula 
absent. 

Betiolites,  Barr.  (Fig.  215).  Hydrosoma  undivided,  elongate,  compressed,  and 
tapering  toward  the  extremities.  Hvdrothecae  disposed  in  rows  on  each  side 
of  the  axis,  inclined,  and  in  contact  with  one  another.  Virgulae  two  in  numlier, 
separated,  and  attached  to  opposite  sides  of  the  peridermal  network  in  the 
median  plane  of  the  hydrosoma ; one  is  rectilinear,  the  other  zigzag-shaped. 
Ordovician  and  Silurian. 

Stomatograpitus,  Holm ; Betiograpfus,  Hall ; Glossogr aphis,  Emmons.  Or- 
dovician. 

Range  and.  Distribution  of  the  Hydrozoa. 

Of  the  Hydrozoans  in  which  preservation  is  at  all  possilde,  the  Ifi/drocoral- 
linae  are  known  with  certainty  as  far  back  as  the  Upper  Cretaceous.  During 
the  Tertiary  period  they  achieved  a somewhat  greater  distill  mtion,  bnt  have 


120 


COE  LEXTER  AT  A— CX 1 1 )ARI  A 


CLASS  II 


only  recently  begun  to  enter  extensively  into  the  formation  of  coial-reefs  and 
other  calcareous  (lei)osits. 

In  the  Upper  Jurassic,  notably  in  the  Tithonian  of  the  Mediterranean 
district,  cei'tain  of  the  ILidmctinkhie  (Ellij>S((rtini(i,  Ephdcrddinia)  are  very 
plentifully  distrilnited  ; while,  on  the  other  hand,  both  the  Triassie  genus  lleter- 
(isfriduuii,  and  the  genera  Pnrhervt  and  ForospJinera,  occuri'ing  in  the  Cretaceous 
of  X'orthern  Europe,  belong  to  the  rarer  fossils. 

Of  vast  importance  as  rock-builders,  however,  were  the  StromutuporoiiJea  of 
the  Palaeozoie  era.  They  occur  jirofusely  in  the  Ordovieian  and  Silurian  strata 

of  North  Ameiica,  England,  and  Eussia,  and 
particularly  in  the  Middle  Devonian  of  the  Eifel 
and  Ai'dennes,  as  well  as  in  Nassau,  I)evonshii-e, 
the  Ural  Mountains,  Spain,  etc.  They  freiiuently 
attain  gigantie  jiroportions,  and  are  an  essential 
eonstituent  of  the  limestones  and  coi'al  reefs  of 
the  Siluiian  and  Devonian  periods;  but  they 
do  not  survive  beyond  the^  Palaeozoie  era. 

The  (h'lipfalitoided,  under  which  head  the 
dodopJioi'ii  are  also  eommonly  included,  are  con- 
fined to  the  Upper  Cambrian,  Ordovician,  and 
Silurian  periods.  They  arc  profusely  distributed 
in  the  .silicious  .schists  and  alum -slates  of  the 
Fichtelgebirge,  Thuringia,  Saxony,  and  Bohemia. 
They  are  plentiful  also  iu  the  Harz,  in  Poland, 
Silesia,  the  Baltic  Provinces,  and  the  Ui’al  district; 
and  again  in  Scandinavia,  Cumbci’land,  M’^ales,  the 
noi'th  of  England,  Scotland,  and  Ii'eland,  as  well 
as  in  Normandy,  Brittany,  Spain,  Portugal, 
Sai'dinia,  and  Carinthia.  In  Amei'ica  they  are 
found  exipiisitely  ])rcserved  in  Newfoundland, 
Canada,  New  York,  Virginia,  Tennes.see,  Ohio, 
AVisconsin,  and  Iowa.  They  arc  known  also  in 
South  America  (Bolivia)  and  Australia,  and  are 
not  uncommon  in  the  drift  which  covers  the 
])lains  of  Northern  Oennany. 

According  to  Lapworth,  the  Graptolites  are 
distributed  vertically  throughout  .six  different  horizons;  the  first  of  which 
coincides  with  the  Uppci’  Cambrian,  the  three  follovvdng  with  the  (Jrdovician, 
and  the  two  uppeiinost  with  the  Sihu'ian.  The  Jlonoprioiiidtie  are  e.specially 
chaiacteristic  of  the  two  Silurian  horizons. 

Sub-Class  2.  ACALEPHAE.  Cuvier.  Scyphomedusae. 

{ IHscophora,  Huxley.) 

Free-su'iiinniiir/,  disrrnduJ,  or  heU-rluiped  MediiMP,  with  downwardlji  direrU'd  mouth, 
with  (jastro-iv scuta r pouches  and  numerous  radial  canals,  and  haring,  as  a ride,  the 
margin  of  umbrella  lohed.  Cambrian  to  Pecent. 

The  Acalephs  or  Lobed  Jelly-fishe.s,  though  frequently  of  considerable  .size,  ai-e 
entirely  without  hard  parts,  ami  thei'cfore  are  singularly  unfitted  for  preservation. 


-I  11 


JlrtioUtcs  ad II  itzin IJ.'irr.  Silurian. 
.1,  .S|icc.iini‘ii  from  siliciou.s  sdiisfs  of 
l■Vu^;u(■roll(^s,  Calvados;  natural  size. 
II,  C,  Pidyiiaries  from  jMotala,  .Sweden. 
II,  Cross-section.  C,  I.ower  end,  en- 
lar"ed  ; calcareous  matter  dissolved 
out  by  acid,  r,  Ziuza^-sha])cd  virj;ula  ; 
V',  Hod-like  viif;ula;  III,  Conjoined 
walls  of  liydrothccae  ; s'.  Crossbars  con- 
necting tlie  virn'ulae ; n Anertures 
(after  Holm). 
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Under  exceptionally  favonraRle  conditions,  however,  as  in  the  Lithographic 
Slates  (L'pper  Jurassic)  of  Eichstiidt  and  Solenhofen,  impressions  of  these  deli- 
cate organisms  ai'e  sometimes  pre- 
served, which  admit  of  accurate 
systematic  determination. 

The  best  preserved  and  at 
the  same  time  the  most  abundant 
s\^eciesis lihizosfomites  cuhnimndns, 

Haeckel,  belonging  to  the  Acras- 
family  of  lihizostoin  ulae. 

Impressions  also  occur  in  flinty 
concretions  of  the  Li]iper  Cre- 
taceous, which  ai'e  most  nearly 
referable  to  the  IMedusae.  Of  a 
more  questionable  nature  are  the 
organisms  occuning  in  the  Cam- 
brian sandstone  of  Lugnaes, 

Sweden,  and  described  by  Torrell 
under  the  name  of  Sputanriopsis, 
but  which  Xathorst  assigns  to  the 
Acalephs.  In  the  same  strata 
also  are  found  those  peculiar 
fucoidal  structures  known  as 

Eoplu/fon,  which  are  e’enerallv  Eii'listiult,  Bavaria.  1/7  natural  size.  (Missing  parts  restoreil 

y ill  outline.) 

supposed  to  be  of  vegetalile 

origin.  Xathorst  has  lirought  forwai’d  evidence,  however,  to  shotv  that  these 
may  really  have  been  produced  by  the  trails  of  Jelly-fishes.  Here  also  should 
lie  noticed  the  forms  descrilied  by  Xathorst  as  Medusites,  from  the  Lower 
Cambrian  of  Stveden,  which  this  author  regards  as  casts  of  the  gastric  cavity  of 
Jelly-fishes.  According  to  "Walcott,  similar  fossils  are  common  in  Alabama.  ^ 

’ Huxley,  T.,  Memoir  on  the  Anatomy  ami  Atlinitie.s  of  tlie  Medusae  (Phil.  Trans.),  1849. — Kner, 
11.,  UeVier  eiue  Meduse  in  Feuersteiii  (Sitzung.sher.  Wien.  Akail.  Bd.  Lll.),  1865. — Haeckel,  K.,  Ueher 
fossile  Medusen  (Zeitschr.  fhr  wissen.schaft.  Zool.  Bd.  XV.  and  XIX.),  1865  and  1870. — Xeues  Jahrli. 
fiir  Mineralogie,  1866. — Jenaische  Zeitschr.  Bd.  VIII.,  1874. — System  der  Medusen,  Bd.  I.  and  II., 
Jena,  1880-81. — Hathorst,  .1.  G.,  Om  Aftryck  af  Medusor,  etc.  (K.  Svenska  Vetensk.  Akad.  Handl., 
Bd.  XIX.),  1881. — Ammon,  L.  i\,  Ueber  jurassische  Medusen  (Abhandl.  k.  liaier.  Akad.  Bd.  XV'II.), 
1883. — Brandt,  A.,  Ueber  fossile  Medusen  (Mem.  Acad.  Imp.  St.  Peter.sb.  vol.  XVI.,  7th  Ser. ),  1871. 
— PoliUg,  H.,  Altpermische  Medusen  ( Fe.stschrift  zum  70ten  Geburtstage  R.  Leuokarts),  1892. — 
Hall,  J..  Palaeontology  of  N.Y.,  vol.  1.,  1847,  and  III.,  1859. — 20th  Report  N.Y.  State  Cabinet 
Nat.  Hist.,  1868. — Lapivorth,  C..  Notes  on  Briti.sh  Graptolites  (Geol.  Mag.  X.),  1873. — Hopkinson,  J.. 
and  Lapworth,  C„  Graptolites  of  the  Arenig  and  Llandeilo  rocks  of  St.  David’s  (Qnar.  Journ.  Geol. 
Soc.  XXXI.),  1875. — Linnarsson,  G.,  and  Xicholson,  H.  *1.,  On  the  vertical  range  of  Graptolites  in 
Sweden  (Geol.  Mag.  III.),  1876. — Lapwortli.  C.,  On  Scottish  Monograptidae  (Geol.  Mag.  III.),  1876. 
— On  the  Graptolites  of  County  Down  (Ann.  Rep.  Belfast  Nat.  Field  Club,  I.,  Part  IV.),  1877. — 
Haupt,  K.,  Die  Fauna  des  Graptolithen-Gesteins  (Neues  Lausitzsches  Mag.  LIV.),  1878. — Kayser,  H., 
In  Abhandl.  geol.  Specialkarte  von  Preussen  II.,  Heft  4,  1878. — Linnarsson,  G.,  Om  Gotland’s 
Graptoliter  (Svens.  Vet.-Akad.  Fdrh.  XXXVI.),  1879. — Lapworth,  C.,  Distribution  of  the  Rhabdo- 
phora  (Ann.  Mag.  Nat.  Hist.  III. -VI.),  1879-80. — On  new  British  Graptolites  {op.  cit.  V.),  1880. — 
Tidlberfi,  .S'.  A.,  On  species  of  Didymograptus  (Geol.  For.  Stockholm  Forh.  V.),  1880. — Tdrnquisf, 
<S'.  L..  Studier  bfver  Retiolites  (Geol.  For.  Stockholm  Fbrh.  V.),  1881.  Also  papers  by  Tbrnquist 
and  Linnarsson  in  same  volume,  pp.  292-326. — Holm,  G.,  Skandinavien’s  Graptoliter  (Svens.  Vet.- 
Akad.  Fdrh.  XXXVIII.),  1881. — TuUherg,  S.  -4.,  Skane’s  Graptoliter  (Sven.  Geol.  Undersdkn.,  Ser. 
C.,  I.  and  II.),  1882-83. — Spencer,  J.  IP.,  Graptolitidae  of  the  Ujiper  Silurian  System  (Bull.  Univ. 
Mo.  I.,  and  Trans.  St.  Louis  Acad.  Sci.  IV.),  1884. — Ja.ekel,  0.,  Ueber  das  Alter  des  Graptolithen- 
Gesteins  (Zeitschr.  deutseh.  geol.  Gesellsch.  XLL),  1890. — Barrois,  C.,  Memoire  .sur  la  distribution 
des  Graptolites  en  France  (Annal.  geol.  soc.  Nonl),  1892. 


Fig.  iU). 

' Rhi:ostomites  (nlrairanilus,  Ilacck.  Lithographic  slates: 


Sub-Kingdom  III.  ECHINODERMATA 


Tu  tlie  Echinodcnus  l)eloiig  i;uliMlly  or  l)il;iter;illy  syinniotriciil  ;uiini<ils,  which 
wei'G  formerly  included  with  the  Coeleiitenites  under  the  general  category  of 
lunJiuta  ; hut  wei’C  recognised  hy  Leuckart  as  the  representatives  of  a distinct 
animal  type.  They  possess  a well  - de\  elopcd,  usually  pentamerous  dei'inal 
skeleton,  which  is  com])osed  of  calcareous  plates,  or  of  minute,  isolated,  cal- 


Magiiifieil  cross-section  of  an 
Ectiinoifl  spine  ; Kiji  Islands,  h.  Mag- 
nified section  of  coronal  plate  of  a 
recent  Sea-urchin  {Spha^rrehinva)  \ 
plane  of  section  parallel  tc>  surface. 


Pevtnrrinvs  sxhtcrcs,  GoMf.  Upper  Jura;  Reiehen- 
bach,  Wurteinberg.  o,  Vertical  section  of  stem-joint  in 
plane  indicated  in  c.  iH/j  ; />,  'I’ransverse  section  of 
.same,  ; e,  Joint-face;  t/,  Side  view  of  column 

(natural  size)* 


careous  bodies  emhedded  in  the  integument ; the  exoskeleton  may  he  more  or 
less  moval)le,  or  even  immoval)lc,  l)ut  is  very  freipiently  piovided  with  movc- 
ahle  apj)endages  (spines,  liristles,  pedicellariae,  etc.)  The  airangement  both  of 
the  skeletal  ]>arts  and  of  the  ])rincipal  organs  is  so  generally  pentamerous,  that 
five  may  he  regarded  as  the  fundamental  7mmeral  pervading  the  whole  sub- 
kingdom  of  Echinoderurs. 
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Apart  from  this  constitutional  clirterence,  the  Echinoderms  are  distinguished 
from  the  Coelenterates  ))y  the  presence  of  a true  digesti^■e  canal,  a -wascular 
system,  and  rvater-vascular  apparatus ; hy  a more  perfectly  de’S'eloped  ueiu  ous 
system ; and  by  an  exclusively  sexual  mode  of  reproduction. 

The  most  striking  difterence  consists  clearly  in  the  nature  and  composition 
of  the  exoskeleton  (Figs.  217,  218).  All  of  the  plates,  ossicles,  spines,  and 
other  indurations  are  secreted  in  the  integument  (dermal  connective  tissue), 
and  are  all  composed  of  microscopically  small  calcareous  l>odies  emhedded  in 
organic  matter.  As  these  bodies  are  united  to  form  perforated  horizontal 
laminae,  which  are  connected  with  one  another  by  r'ertical  pillars,  the  result  is 
a minutely  reticulated  sti'ucture,  highly  chai'actei’istic  of  all  Echinoderms. 
During  fossilisation  the  interstices  are  commoidy  infiltrated  with  lime  car- 
bonate, so  that  the  whole  structure  is  transformed  into  calcite,  exhibiting  un- 
mistakable rhombohedral  cleavage.  Each  plate,  joint,  and  spine  of  a sea-urchin, 
star-fish,  or  crinoid  behaves  mineralogically  and  optically  like  a single  calcite 
crystal. 

All  the  Echinoderms  are  marine.  In  the  classification  proposed  by  Haeckel 
they  are  divided  into  three  primary  groups  comprising  the  folloA\'ing  classes  : — 


(Class  1. 

Crinoidea. 

(Sea-lilies.) 

Sub-brancli  A. 

Pelmatozoa. 

J A 

1 V 

Cjistoidea. 

(Cystideans.) 

1 „ 3- 

Plastoidea. 

(Blastoids.) 

Sub-branch  B. 

Asterozoa. 

( Class  1 . 

Oplduroidca 

(Brittle  stars.) 

\ „ 2. 

Asteroidea. 

(Star-fishes.) 

Sub-branch  C. 

Echinozoa. 

(Class  1. 

Echinoidea. 

(Sea-urchins.) 

\ ,,  2. 

Hotothurioidca. 

(Sea-cucumbers.) 

Sub-Branch  A.  Pelmatozoa.  Leuckart. 

The  Pelmatozoa  are  Echinoderms  which,  during  the  whole  or  at  least  the 
early  portion  of  their  existence,  are  fixed  by  a jointed,  Hexilde  stalk,  or  are 
attached  by  the  dorsal  or  aboral  suiiace  of  the  body.  The  principal  A'iscera  are 
enclosed  in  a bursiform,  cup-shaped,  or  spherical  test  (culi/x),  which  is  composed 
of  a system  of  calcareous  plates  ; and  on  the  upper  surface  of  which  are  situated 
both  the  mouth  and  anus,  as  well  as  the  amlmlacral  or  food  grooves  conducting 
to  the  mouth.  As  a rule,  jointed  flexible  arms  spring  from  the  distal  ends  of 
the  ambulacral  grooves  around  the  margin  of  the  caly.x ; sometimes,  howe^■er, 
arms  are  wanting,  the  amlmlacral  areas  being  e.xtended  down  the  sides  of  the 
calyx,  and  beset  on  both  sides  rvith  pinnules  (Plastoidea).  The  inferior  (dor.sal, 
aboral)  portion  of  the  calyx  is  composed  of  a single  or  double  series  of  1>asal 
plates,  which  either  rest  directly  upon  the  stalk,  or  are  grouped  aljout  a centro- 
dorsal  plate. 

The  Pelmatozoa  are  divided  into  three  classes  ; — Crinoidea,  C>istoidea,  and 
Plastoidea.  Of  these,  only  the  Crinoids  are  represented  by  a few  existing 
genera ; the  others  are  rvholly  extinct,  and  are  confined,  moreover,  to  the 
Palaeozoic  rocks.  Although  the  Cystideans  possess  a less  highly  specialised 
organisation  than  the  others,  and  probably  I'epresent  the  common  ancestral 
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typo  from  'uiiicli  both  the  fflastoid.s  and  CViiioids  have  boon  derived,  nevertlie- 
less,  it  is  expedient  to  tieat  of  the  Crinoids  first,  since  a knowledge  of  tlie 
anatomy  in  recent  forms  is  essential  to  an  adecpiate  concejition  of  the  extinct. 


Class  1.  CRINOIDEA.  Miller.  .Seadiliesd 
{Ili'acJiiata,  llronn  ; ^Ictuioideo,  F.  lloemer.) 

i sill'll//  loiKj-dtilked,  iitore  nurdi/  nun-peduncididi'  ami  t<essi!e,  occusiunaUi/  free- 
swiinmuig  I’chnafown  nith  r(dif.c  coiiijiused  of  rcfinlaHi/  arraiKjKd  pUde^,  and  providnl 
udh  'iccll-developcd  momhle  arms. 

The  Crinoicl  organism  consists  of  three  inincipal  elements — calyx,  anns, 
and  stalk.  The  calyx  and  arms  together  are  sometimes  sjioken  of  as  the 
crown,  as  contrasted  with  the  peduncle. 

1.  The  Cahj.r. — The  calyx  has  nsnally  the  form  of  a cup-,  bowl-shajjed,  or 
globular  cajisule,  within  which  the  more  important  oi-gans  are  enclosed.  Its 
lowei'  (dor.sal  or  aliactinal)  surface  commoidy  le.sts  upon  a iieduncle  (Fig. 
but  in  some  forms  it  is  attached  dii'ectly  by  the  base,  and  in  raic  instances  it  is 
fi'ee.  The  su])erior  (ventral  or  actinal)  sui'face  is  eithei'  membraneous  or  jdated  ; 
it  carries  the  mouth  and  ambulacral  grooves,  and  hence  is  homologous  with  the 
under  side  of  a star-fish  or  sea-uix-hin.  As  a rule,  oidy  the  inferioi'  and  lateral 
portions  {dorsal  cap)  of  tlie  caly.x  are  visilile,  owing  to  the  concealment  of  the 
summit  by  the  arms,  d'he  cup  is  constituted  of  two  or  more  cii’clets  of  jilate.s, 
which  ai-e  uniformly  oriented  with  I’eference  to  the  ambulacral  organs. 

a.  liy  the  base  is  understood  the  one  or  two  rings  of  plates  intervening 
between  the  topmost  joint  of  tlie  column  and  the  first  cycle  of  jilates  situated 
in  the  jirojection  of  the  ambulacra  or  arms.  \\  hen  the  basis  is  monocyclic 
(Idg.  220)  the  ])osition  of  the  jiroximal  ring  of  jilates  is  intei'iadial ; but  when 
dicyclic  it  is  ladial,  and  the  ujijier  ring  coi'responds  with  the  basals  of  mono- 
cyclic  form.s. 

In  the  nomenclature  of  1’.  Herbeit  Carpenter,  the  iqiper  series  of  jilates  in 
' I.iti'vatniv  : 

Miller,  .S'..  A Xatural  Hi'-tory  of  tlic  t'riiioiiU-a  or  lily-sliaiifil  Animals.  IS'il. 

Muller,  ./.,Ueln-v  den  Ban  des  Pciilitrriiiiis  rnjoil  iurditsiir  (Aliliandl.  Berliner  -Akail.),  1841. 

(Ii  hiiiiiiir/,-.  /..  O',,  ft  Ic  linn.  II.,  Keelierelies  .Mir  les  t'rinoides  dn  terrain  earlionifere  de  la  Belgique. 

Brussels,  18.14.  (Very  e.xtensive  liit)liogra]iliy.) 

Il'  iirirh,  h..  Die  t'rinoidecn  des  .Muselielkalks  (Aliliandl.  Berliner  Akad.),  18.17. 

Schult'.r.  Monogra)iliie  der  Ecliinoilerinen  des  Killer  Kalks  (Denk.selirif't  der  k.  k.  Akad.  der 
Wissensehafteii).  Vienna,  18tiG. 

I'hnniiird.  II.  I\,  Catalogue  of  Palaeozoic  Eeliinoderniata  of  Xortli  America  (Trans.  St.  Loui.s  Acad. 

Sci.  vol.  II.),  1SC8.  (Very  eomplete  bililiograpliy.) 

Cnr/ieHlrr,  IP.  71.,  On  tlie  Structure,  Physiology,  ami  Develoimieiit  of  Anlrdon  rnnaccus  (Philo- 
so|)liical  Tran.saetions  Royal  Society,  vol.  CLN’I.).  1878. 

Wnrhsnitilli,  I'.,  and  Kj,ri,i^rr,  I'..  Revision  of  the  Palaeocrinoidea.  I. — HI.  (Proe.  Acad.  Xat.  Sci. 
Philad.),  1879-88. 

Wnrlt.'iinnth,  C'.,  ami  S^irinr/rr,  I\,  Discoverv  of  the  Ventral  Stnicture  of  Ta.rocrinn.s  and  llnplocriiivs, 
lin'd.,  1888. 

W’dchsiinith , and  S/irimjer,  The  Perisomic  Plates  of  Crinoicls.  dild..  1890. 

Wnrhniiiutli,  C'.,  and  Sj/rhujer,  I\.  The  Crinoidea  Camerata  of  Xorth  America.  (In  prejaaration.) 
Lcriiil , P.  dr.  Paleontologie  Franeaise.  Crinoides  Jurassi(|ues,  I. — ][.,  1882-89. 
ycuiinnjr,  M.,  Die  Stamme  des  Thiemdehs.  Band  I.,  1889. 

.[ijnssi:.,  ,1..  Cahnnorrinn.s  liUnncdnc  (Memoirs  Museum  Comp.  Zook  vol.  XVII.),  1892. 

Ilnlher,  F.  ,1.,  British  Fossil  Crinoids  (Ann.  ami  Mag.  Xat.  Hist.  (8th  ser.),  vols.  V. — VIE),  1890-92. 
Ilahcr,  F.  ,E,  The  Crinoidea  of  Hotland  (K.  Svenska  Veten.sk.  Akad.  Handlingar,  vol.  XXV.),  1892. 
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the  dicyclic  forms  are  properly  termed  hasals,  and  the  lower  series  underho.suh 
(infrahusah).  The  basals  as  thus  defined  are  equivalent  to  the  “ parabasals  ” in 


Fig. 


Euspif'oeri  a us  sjn  r- 
aliSy  Aiig.  Stalked 
Crinoid  witli  dicyclic 
base  and  anal  inter- 
radius,  Anals  ; h, 
Basals;  tb,  Infrabasals. 
(Right  and  left  sides 
reversed,  after  An- 
gelin.) 


Fii;. 


■2-20. 


Flii.  221. 


*Actlnocrinus  Hall.  Pro- 

jection of  calyx  showing  the  three  basals 
(b),  5x3  simple  radials  (r),  four  paired  inter- 
rays (ir),  and  a fifth  impaired  anal  interray  ((/). 


Poteriarrhu's  mulfljiler, 
Traut.  Calyx  witli  dicy- 
clic base,  ra<lials,  costals, 
and  distichals. 


Imt  owing  to  the 
of  liasals  in  the 
two,  and  that  of 


the  older  nomenclature  of  Johannes  Muller,  and  to  the  “ subradials  ” of  do 
Koninck  and  other  authoi's. 

Both  basals  and  infraliasals  are  primarily  five  in  munlier ; 
fusion  of  two  01’  moi'e  of  the  proximal  plates,  the  numl)ei' 
monocyclic  forms  may  be  reduced  to  four,  three,  or  e\'en  to 
infrabasals  in  the  dicyclic  to  three.  During  the 
ontogenetic  development  of  the  recent  Anteilon,  a 
more  or  less  complete  resorption  of  the  basals  has 
l)een  observed ; and  the  same  probably  also  held 
true  for  certain  Mesozoic  genera  {Eugeniacrimis, 

Phyllociinus).  In  many  of  the  non-pedunculate 
Crinoids  {Uintacrinus,  Marsujntes,  Fig.  222)  an 
additional  plate  known  as  the  centrodorsal  rests 
against  the  infi’abasals,  and  prolialily  represents 
an  atrophied  stalk.  The  liasals  are  united  with 
one  anothei’  and  Avith  the  overlying  radials  by 
close  sutures,  and  are  immovalily  held  togethei' 
fibrous  connective  tissue.  Though 


Marsupites  testiidinrn'is,  .Schlut.  .sj). 
Diagram  of  calyx,  af,  Centrodorsal ; 
ib,  Infrabasals  ; h,  Basals  ; Radials. 


ly  Ubrous  connective  tissue.  Though  usually 
smooth,  the  joint  faces  ai’e  sometimes  striated, 
and  are  A'isible  externally  as  incised  lines. 

h.  Succeeding  the  base  is  a cycle  of  five  (rarely  fmir  or  six)  plates,  Avhich, 
on  account  of  their  position  with  reference  to  the  rays,  are  called  radials.  The 
radials  form  the  sides  of  the  calyx  in  nearly  all  Mesozoic  and  llecent  Crinoids, 
and  give  origin  directly  to  the  arms,  Avhich  may  become  free  immefliately  idiOA'e 
the  radials,  or  may  be  incorporated  for  some  distance  in  the  calyx,  either  liy 
means  of  supplementary  plates,  or  by  lateral  suture  among  themselves. 
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The  upper  houndary  of  tlie  calyx  is  differently  demarcated  hy  different 
authors.  Many  assign  all  the  jdates  above  the  first  cycle  of  plates  in  each  ray 
to  the  aims,  even  when  they  are  immovably  united  with  one  another  at  the 
sides;  while,  according  to  Schultze  and  othens,  the  arms  begin  invariably  at  the 
point  where  they  first  liecomc  movable,  i.c.  above  the  fir.st  articular  facet.  The 
latter  course  is  open  to  serious  objections,  inasmuch  as  strictly  homologous 
parts  receive  different  apjiellations  in  different  group.s. 

Carpenter,  AVachsmuth,  and  Bather  restrict  the  term  “ radial  ” to  the  lower- 
most circlet  of  radially  situated  plates,  and  speak  of  the  succeeding  cycles  as 
far  as  and  including  the  first  axillary  jilate  as  hmchkih  (distinguished  as  first, 
second,  and  third  costals,  distichals,  and  palmars  respectively),  in  all  cases, 
Avhether  the  plates  are  free  or  fixed. 

In  most  I’alaeozoic  Crinoids  one  or  more  inteiradiul  plates  are  intercalated 
between  two  of  the  rays,  and  in  line  with  the  anal  aperture  ; these  are  called 
the  anal  plates  or  anah.  If  a jdane  be  passed  through  the  latter  and  through 
the  radial  situated  directly  opposite,  the  caly.x  will  be  divided  into  two 
•symmetrical  halves  ; the  parts  lying  to  the  right  or  left  when  viewed  from  the 


Fm;.  -.'^’3. 

}‘t  iitiirritnis  mjiutiiK’dusfir,  I>am.  sj>. 
Vriilral  ilisk  (M)iistnu’t»*<l  <>1  vciy  tliiii 
p»‘risffinlc  ijlatc's,  with  ciMitral  iiioulli 
(o),  ojKMi  ambulacra,  ami  eccentric 
amis  (.1). 


Flc.  224. 

llliorriu  Its  IklheUiftnuSyWyv.  Thom.  Kcccnt. 
Ventral  <lisk,  enlarged,  o,  Onils;  p,  Mouth 
{)n  rist(n>u) ; s,  Covering;  ; c,  Dorsal 

canals  of  the  arms ; am,  Amhulacral  furrows  of 
tlie  arms  ; «//,  Anus  (after  M'yville  Thomson). 


posterioi-  or  anal  side  are  so  designated  ; while  the  anterior  side  is  that  o])positc 
the  anal  interray.  Interradial  plates,  however,  are  not  confined  to  the  anal 
interray,  but  are  frc(piently  developed  al.so  between  the  other  ray.s,  when  the 
calyx  is  corres])ondingly  expanded.  If  several  cycles  of  radials  are  present,  an 
eipial  number  of  interradials  ai'C  also  developed,  and  are  distingui.shed  in  like 
manner  as  interradials  and  distichal  intci-radials  of  various  order.s.  The  anal 
intei’ray  is  freipiently  characterised  by  the  peculiar  number,  size,  and  position 
of  the  anal  ])lates. 

'riie  su])erior  side  of  the  calyx  is  known  as  the  ie(iineii  mljicis.  'Fhe 
covering  may  be  in  the  form  of  a coriaceous  skin,  in  udiich  large  numbers  of 
thin  calcarc(»us  o.ssicles  are  embedded  (Figs.  223,  224),  or  of  a plated  disk 
lising  from  the  base  of  the  ai’ins.  It  freijuently  exhibits  a more  or  le.ss  central, 
externally  vi.sible  mouth-ojiening,  and  a usually  eccentric  iiiteriadial  anal 
aperture.  The  mouth  ojiens  into  an  oe.sophagus  and  thence  into  the  expanded 
visceral  mas.s,  which  fills  the  greater  portion  of  the  inner  cavity.  The  inte.stinal 
canal  is  diri'ctcd  downwards  at  first,  and  after  numerous  windings  discharges 
into  the  anal  opening.  In  certain  fossil  Crinoids  { Adinocr inula e)  the  digestive 
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apparatus  is  represented  by  an  extremely  thin-walled,  finely  perforated,  con- 
voluted body,  which  occupied  the  vertical  axis  of  the  Ixjdy  cavity,  and  was 
contracted  into  a narrow  tube  toward  the  base  (Fig.  232). 

In  all  recent  Crinoids  five  (occasionally  four)  open  amlnilacral  furrows  lined 
with  epithelium  conduct  from  the  mouth  to  the  tips  of  the  arms,  remaining 
either  simple  or  subdividing  as  often  as  there  are  arms.  Underneath  the  floor 
of  the  grooves  runs  an  ambulacral  vessel  filled  witli  Avater ; and  accompanying 
this  are  the  blood  and  vascular  canals  and  a nervous  cord.  Distensible  tentacles 
pass  out  from  alternate  sides  of  the  ambulacra,  and  the  latter  unite  to  form  a 
circumoral  ring  canal.  From  the  ring  canal  five  short  open  tubes  {stone  or 
water  canals)  extend  doAvnwards  into  the  l>ody  cavity  and  supply  the  amljulacral 
system  with  water. 

In  the  I'ecent  genera,  lliaumatoc rinus,  lihizocrinus,  Culumocrinns,  Hyocrinus 
(Fig.  224),  and  in  a large  number  of  fossil  Crinoids,  a triangular  oral  plate  is 
situated  in  each  of  the  five  angles  of  the  mouth-opening.  The  apices  of  the 


Fio.  225. 

Lecythocritius  Eifdian  us, 
Miiller.  Crinoid  with  elon- 
gated anal  tube  (after 
Schultze) 


Fig.  226. 

Dorycrlnus  quinqiielobus,  Hall  sj). 
Specimen  sliowing  plates  of  the  teg- 
men  and  eccentric  anus. 


Fio.  227. 


' Coccocriiuis  I'osaceus, 
Roem.  Devonian; 
Eifel.  Calyx  with  ven- 
tral jiavement,  twice  en- 
larged (after  Schultze). 


orals  are  directed  towards  one  another,  and  l)etween  them  run  the  ambulacra. 
The  plates  are  extremely  varialjle  in  size ; and  although  well-developed  in  the 
larvae  of  Jntedon  and  Pentacrinus,  they  become  Avholly  resorbed  before  maturity. 
In  a number  of  Palaeozoic  Crinoids  {Larviformia,  Fig.  227)  the  summit  is 
entirely  or  in  large  part  composed  of  fi\'e  oral  plates  which  may  lie  either 
laterally  in  contact  or  separated  by  furrows.  More  frequently,  however,  the 
orals  occupy  only  the  angles  of  the  mouth-opening,  the  I'emaining  area  betAveen 
the  ambulacral  furroAvs  being  coA'ei'ed  Avith  more  or  less  I'egularly  aii'angetl 
interambul acral  plates  (Fig.  224).  In  most  of  the  Palaeozoic  Ccvinerafa,  and  the 
recent  Calamocrimis,  the  anus  is  placed  at  the  upper  end  of  a tube  knoAvn  as 
the  anal  tube  or  'proboscis.  In  the  Fistulata,  hoAvever,  the  anal  opening  is  situated 
along  the  anterior  side  of  the  ventral  sac,  or  betAveen  the  sac  and  the  mouth. 

Of  the  interamlmlacral  plates  a greater  or  smaller  numl)er  (in  Calaniocrinns 
all  in  the  vicinity  of  the  mouth)  are  perforated  by  respiratoiy  ])ores  for  the 
admission  of  AA^ater  into  the  inner  cavity.  Pores  evidently  ])erforming  a 
similar  office  occur  in  some  of  the  Fistulata ; but  these,  instead  of  piercing  the 
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body  of  tlie  pluto.s,  enter  only  their  outer  angles.  Other  Fistnlata  have  a 
inadre})orite. 

The  ambulacra  are  frequently  lined  along  their  sides  by  peiqjendieular, 
wedge-shajjed  aide-plates,  and  these  are  suri'ounded  by  movable  ruveriiig  pieres,  both 
of  M'hieh  extend  fiom  the  mouth  to  the  ends  of  the  arms.  In  the  Talaeozoic 
Tafocrinus  (Fig.  228),  the  covering  pieces  are  arianged  in  altei-nate  rows,  with 
side  pieces  adjoining  them.  The  latter  plates  occur  also  iu  most  of  the  Fistnlata 
and  Artiadata,  but  are  rarely  represented  in  the  Camerata.  The  month  may 
be  exposed  or  closed  ; being  either  suri-ounded  by  fi\  e oral  plates  {Taxocrinns, 
Fig.  228),  or  the  posterioi'  (ual  may  be  pushed  in  between  the  four  others,  so 
as  to  conceal  the  mouth  ; the  latter  is  then  said  to  be  siddef/iiiinal  (Fig.  229). 

A very  remarkable  modification  of  the  ventral  di.sk  occurs  in  the  I’alaeozoic 
Camerata.  Here  the  usually  veiy  numerous  plates  attain  considerable  thickne.ss, 
and  fit  into  one  another  like  the  stones  of  an  arch  to  foian  an  e.xtremely  rigid, 
more  or  less  convex  vault,  which  is  sometimes  surmounted  by  an  e(|ualiy  rigid 
plated  pi'obo.scis.  At  the  apex  of  the  dome  five  lai'ge-sized  plates  are  often 


Fui.  -Jl's. 

L'ojori  in  j/.s*  iufrnnrfl- 
ins,  W.  and  S.  Wiitral 
disk  (aftiT*  Wachsiiiutli 
and  Sprinj'er.), 


Ki... 

Ploturriniis  llnlH,  Slmin.  I‘n*j*iCtion 
of  ventral  <lisk.  Anibnlacrals ; in,  In- 
terainbidacral  areas ; in',  Anal  inter- 
radins  ; e,  Covering  pieces  of  tlie  aiiibu- 
lacrals ; /,  lnterra<lials ; ji,  Anterior 
and  lateral  orals  ; n.  Posterior  (anally 
situated)  oral : Plates  of  the  anal 

intcranibulacral  area  (after  \V.  and  S.) 


ia 


Vic.  230. 

JUidcnmis  rloinjiifns,  Goldf.  Calyx 
with  tegnien.  n,  Prolile ; h,  Aspect 
fnua  above. 


distinguishable,  of  which  that  l^’ing  in  the  anal  interradius  commonly  differs 
from  the  rest  in  form  and  size,  and  appears  to  bo  wedged  in  amongst  the  others. 
These  five  ] dates  are  identified  by  Wachsmuth  and  Springer  as  orals.  The 
remainder  of  the  tegminal  plates  are  distinguished  according  to  their  position  as 
ambulacrals  and  interambulacrals  ; in  most  of  the  ylctinorrinidae  the  ambulacrals 
are  not  ari'anged  in  alternate  rows  (Fig.  2.81 ),  but  frequently  consist  of  large 
single  plates  of  one  or  more  orders,  which  are  .separated  from  one  anothei'  by 
the  continuous  inteipo.sition  of  su])plementary  pieces.  In  other  groups,  notably 
the  Plati/criuidae,  the  ambulacra  are  generally  arranged  in  two  i-ows  of  rather 
large  plate.s,  which,  however,  lo.se  their  original  character  to  .some  extent.  The 
interambulaci-als  usually  meet  with  the  interbrachials.  The  tegmen  of  the 
Camerata,  as  a rule,  is  composed  of  large  nodose  ]>lates,  for  the  identification  of 
which  considerable  experience  is  re(piii-ed. 

Most  of  the  Palaeozoic  Cilnoids  have  but  a .single  opening  in  the  tegmen, 
which  is  interradial  in  position,  and  undoubtedly  represents  the  anus.  A\  ith 
the  exception  of  the  Ichtlujocrinidae  the  mouth  is  .subtegminal,  and  the  food 
grooves  are  rigidly  clo.sed.  In  many  cases  the  covering  pieces  are  jmshed 
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inward,  and  the  ambidacra  follow  the  inner  floor  of  the  tegmen,  formino-  a 
skeleton  of  ramifying  tubes  ; these  are  conducted  along  open  galleries  from  the 
mouth  to  the  arm-openings  (Fig.  232,  A). 

2.  The  Arms  (Brachia). — The  arms  of  the  Crinoid  body  form  the  immediate 
prolongation  of  the  radials.  The  plates  of  the  arms  are  termed  hrachials,  and 


Flfi.  231. 

Agaricocrinus  Arnericanus, 
Roem.  Ventral  disk,  r,  Uni- 
serial ambulacrals  ; i,  Interam- 
bulacrals  ; o,  Anally  situated 
oral ; p,  Anterior  and  lateral  orals ; 
X,  Posterior  interambulacrals 
(after  Wachsmutli  and  Springer). 


Actmocri nus  prohoscidiaUs,  llali.  A,  Plates  of  tegmen  partially 
removed  in  order  to  show  the  covered  ambulacral  passages  (o.) 
leading  from  the  arms  to  the  mouth.  B,  Plated  upper  surface 
of  ambulacral  galleries.  C,  Natural  cast  of  ventral  disk  with 
impressions  of  calyx  ambulacra  ((')  leading  to  the  mouth  (<»); 
«fi,  Anus. 


are  arranged  either  in  single  or  double  alternating  rows ; and  hence  are  spoken 
of  as  uniserial  (Fig.  233,  A),  or  as  biserial  (Fig.  233,  B).  The  plates  of  the 
uniserial  arms  may  be  either  rectangular  or  cuneiform,  the  major  ends  being 
directed  alternately  to  the  right  and  left.  In  biserial  arms  the  smaller  ends  of 


.1  i; 


Fic.  233. 


A,  Carpocrinus  corntuSy  Ang.  sp.,  showing 
uniserial  arms,  /j,  Ccdlicrinus  costatua,  llising., 
with  biserial  arms  (after  Angelin). 


c 


Fig.  234. 

Plated  ambulacral  furrows  of  the 
arms,  a,  b,  Cijathocriints  ramosua, 
Ang.,  showing  covering  pieces  ; 
c,  Gissocrlnus  arthriticus,  Hising., 
with  covering  pieces.  All  figures 
enlarged. 


the  plates  meet  midway,  so  as  to  form  a zigzag  suture.  The  arms  invariably 
begin  uniserially,  the  l)iserial  structure  being  gradually  introduced  in  an  Tijjward 
direction.  The  arms  either  remain  simple,  or  Vwanch  in  various  ways ; the 
plates  upon  which  a bifurcation  takes  place  are  called  axillaries. 

In  the  Camerata,  the  more  highly  organised  Fisfulata,  and  in  all  recent 
VOL.  I K 
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Criiioids,  the  anus  are  furnished  with  jiinnules,  which  are  ^iven  off  alternately 
from  o])]josite  sides,  one  to  each  arm-plate.  The  pinnules  are  jointed  appen- 
dages, which  repeat  the  general  structure  of  the  arms,  and  in  living  Crinoids 
lodge  the  genital  organs,  ^\’hen  two  (jr  more  arm-joints  meet  transversely  l)v 
a rigid  suture,  and  only  the  upper  one  is  pinnnle-l)eaiing,  those  joints  form  a 
«//;//'///,  whether  their  ajjposed  faces  are  striated,  dotted,  or  smooth.  The  lower 
joint  Ijearing  no  j)innule  is  called  the  hiipu.zi/fiul  joint,  the  uj)per  one  the  ejnzi/r/al  ; 
and  the  two  together  constitute  physiologically  hut  a single  segment,  as  is 
shown  hy  the  alternation  of  the  pinnules. 

lloth  arms  and  pinnules  are  traversed  ^■entrally  hy  a deep  grocjve  {uiiibulucral 
or  anil  furroic),  at  the  hottom  of  which  is  situated  a tuhular  prolongation  of  the 
hody  cavity  (the  so-called  coeliac  or  ilorsul  canal) ; overlying  the  latter  run  the 
genital,  water,  and  vascular  canals,  a nervous  cord,  and  two  rows  of  tentacles. 
The  furrows  of  the  arms  enter  hy  the  ann-ojicnini/ti  into  the  tegmen,  and  all 
converge  to  the  mouth.  Food-particles,  consisting  chieHy  of  diatoms,  infus- 
orians, and  microscopic  crustaceans,  are  propelled  along  the  furi'ows  and  into 
the  hody  l)v  the  action  of  cilia. 

In  all  recent  and  in  numerous  fossil  Crinoids  the  arms  are  perforated  in  the 
dorsal  half  hy  a single,  or  in  some  cases  hy  a (hiplicate  a.xial  canal  {axial  cord), 
containing  elastic  fibres  and  a ncr\ e-hand,  the  latter  frecpiently  giving  off 
delicate  hranches  with  ramifications  in  every  direction.  The  dorsal  canal  e.x- 
tends  also  into  the  radials  and  ha.sals,  perforating  the  plates  when  they  are 
thick,  and  running  in  a shallow  groove  on  the  inside  when  thin.  80  far  as 
has  lieen  observed,  the  a.xial  canals  begin  uniformly  in  the  hasals,  where  the\’ 
divide  dichotomously ; fmt  in  the  radials  the  hranches  generally  reunite  to 
form  the  so-called  limi  ranul  (Fig.  276). 

.’5.  The  Column. — The  stem  or  column  attains  in  some  forms  {Tenia crinud)  a 
length  of  a number  of  metres  ; hut  in  others  it  is  much  abbreviated,  or  even 
atrophied,  so  that  the  caly.x  is  either  directly  adherent  by  the  base  {Ci/athidium), 
or  is  destitute  of  all  means  of  attachment  {Astijlocrinii.'i,  i’intacrimis,  Marsiipiles, 
..I ntedon).  The  stem  is  composed  of  short  segments,  having  either  circular, 
elliptical,  or  angidar  (especially  pentagonal)  cross-sections,  and  being  sometimes 
of  uniform  and  sometimes  of  variable  proportions.  Lateral  appendages,  called 
cirri,  are  jnesent  in  numerous  forms,  being  given  oH'  eitliei-  singly  or  in  whorls 
at  certain  intervals  along  the  periphery.  The  larger  and  all  cirrus-bearing 
segments  are  called  nodal  jointr,  and  those  interposed  between  them  the  inter- 
nodal  jointr.  The  distal  end  of  the  stalk  may  taper  gradually  to  an  apex,  in 
whose  vicinity  hue  radicular  cirri  are  comnioidy  develojied,  or,  it  may  be 
thickened  at  the  e.xtremity  so  as  to  foiin  a bulboTis  or  branching  root.  (Irowth 
is  accomjilishe<l  by  the  insertion  of  new  joints  at  the  j)ro.ximal  end  of  the  stem, 
the  earlier  segments  becoTiiing  at  the  same  time  gradually  enlarged.  The  last 
formed  joints  are  commonly  of  smaller  size  than  tlnjse  situated  more  remotely 
from  the  calyx.  In  the  eaily  stages  of  ^Intedon  the  column  is  terminated  di.s- 
tally  by  a large  .so-called  dorromitral  plate. 

All  the  joints  of  both  the  stem  and  cirri  are  pierced  by  a central  longi- 
tudinal canal,  which  is  either  round  or  pentagonal  in  cross-section,  and  com- 
municates with  a peculiar  dorsalh"  situated  chamhered  organ.  The  latter  is 
supposed  to  represent  the  central  nervous  system,  but  contains  in  addition  a 
\ ascular  organ  that  has  been  regarded  as  a kind  of  heart.  The  axial  canal  of 
the  stem  is  encased  in  a sheath  of  elastic  tissue  which  serves  to  bind  the  in- 
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dividual  segments  together.  The  union  is  further  strengthened  Iry  sutures, 
the  apposed  faces  of  the  joints  l)eing  for  the  most  part  hat,  and  either  radiall}’ 
striated,  or  diversified  in  various  ways  by  prominences  and  grooves,  the  grooves 
being  likewise  occupied  l)y  connective  tissue.  Sometimes  the  apposed  faces 
are  smooth  and  rigidly  united  with  one  another  {Encriiins,  etc.) ; Imt  in 
other  cases  an  articulation  is  secured  by  means  of  an  elevated  usually  oblique 
fulcral  ridge  {Bhizocrinus,  Bourgudocriniisi).  The  pi'o.ximal  segments  of  the 
column  occasionally  exhibit  simple  vertical  clefts  which  indicate  an  original 
quinquipartite  composition.  TheSe  divisions  always  occur  alternately  with 
those  of  the  l>asals  in  monocyclic,  and  with  those  of  the  infral)asals  in  dicyclic 
forms. 

Outugeny.  — Although  we  are  actjuainted  as  yet  with  the  lifediistory  of 
but  the  single  genus  Antedon,  the  phenomena  of  its  development  are  of  such 
significance  as  to  shed  most  valual)le  light  upon  many  con- 
ditions observed  in  fossil  Crinoids.  Following  impregnation, 
the  ova  perform  the  early  stages  of  development  within  the 
ovarian  glands  of  the  pinnules.  Immediately  after  escaping 
from  the  vitelline  membrane  the  embryo  is  girded  with  four 
transverse  ciliated  bands,  possesses  a laterally  situated  mouth, 
and  bears  considerable  resemlrlance  to  certain  Annelid  em- 
bryoes.  Delicate  jdates  of  calcareous  network  (which,  when 
definitely  developed,  are  ten  in  number)  are  next  formed 
within  the  wider  anterior  portion  of  the  gastrula  larva  ; these 
are  arranged  in  two  transverse  lings,  the  plates  of  the  anterioi' 
series  being  placed  symmetrically  above  those  of  the  posterior. 

Extending  from  the  centre  of  the  lower  row  downwards  and 
backwards,  a series  of  delicate  calcareous  rings  may  now  be 
observed,  at  the  liase  of  which  a large  cribriform  plate  is 
rapidly  developed.  The  two  rows  of  plates  gradually  liecomc 
enlarged,  and  the  outline  of  the  rudimentary  calyx  is  moi'c 
clearly  defined,  while  sheaves  of  parallel  calcareous  rods  are 
seen  passing  through  the  rings  of  the  rudimentary  stalk.  The 
hitherto  free-swimming  larva  now  becomes  hxed,  the  ciliated 
bands  disappear,  the  outer  surface  becomes  invested  with  a 
thick  sarcode  layer,  and  the  mouth  appears  as  a large  patent 
opening  occupying  the  centre  <jf  the  cup.  The  five  plates 
surrounding  the  mouth  are  termed  the  orals,  and  the  hve  con- 
stituting the  proximal  series  the  basals,  which  rest  directly 
upon  the  topmost  segment  (centrodorsal)  of  the  stalk.  In 
the  five  diamond-shaped  spaces  which  are  left  between  the  divisions  of  the 
orals  and  basals  delicate  net-like  plates  (radials)  are  ne.xt  formed,  which  increase 
rapidly  in  size  and  intrude  upon  the  orals.  At  the  same  time  a sixth  plate 
(anal)  makes  its  appearance  in  the  zone  of  radials,  but  is  gradually  forced 
upward  with  the  orals  into  the  ventral  disk.  liows  of  elongate  cylindrical 
segments  (brachials),  which  grow  very  rapidly,  are  ne.xt  given  off  ly  the 
radials,  when  the  larva  is  said  to  have  reached  the  “ Pentacrinus  stage.” 
Simultaneously  with  the  development  of  the  arms  and  column,  a resorption  of 
the  anal  and  orals  occurs,  which  plates  are  oliliterated  on  the  completion  of  the 
dermal  skeleton.  The  basals  also  become  obsolete,  owing  to  the  encroachment 
of  the  centrodorsal,  and  are  indicated  in  the  adult  form  by  a mere  rudiment  in 


Larva  of  Antedon 
rosacens,  Linck.  7),  Ba- 
sals ; r,  Kadials  : 
0,  Orals;  vd,  Centro- 
dorsal (after  Wyvillr 
Thomson). 
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the  form  of  a small  ring-like  rosette.  Finally,  the  button-shaped  centrodorsal, 
which  is  now  beset  with  numerous  cirri,  detaches  itself  from  the  stalk,  and  the 
creature  becomes  cajiable  of  indejiendent  motion. 

The  ontogeny  of  Antedon  reveals  the  fact  that  the  l)a.sals,  orals,  and  stem 
represent  the  most  piiinitive  skeletal  structures,  while  the  radials  and  brachials 
are  formed  at  a subsequent  period.  Similar  evidence  is  afforded  by  numerous 
fossil  Crinoids,  in  which  the  basals  and  column  are  very  strongly  developed, 
while  the  radials  are  mostly  of  inferior  size,  and  the  arms  either  rudimentary 
or  alisent.^ 

IlaUtat. — Ivxisting  Crinoiils  live  together  in  large  numl)er.s,  and  inhabit 
depths  ranging  from  shallow  water  to  a maximum  of  about  3000  fathoms. 
Their  distribution,  however,  is  mostly  very  local.  Fossil  Crinoids  also  appear 
to  have  been  gregarious  in  habit,  and  their  remains  are  freipiently  found  com- 
mingled with  those  of  reef-laiilding  corals  in  Falaeozoic  strata.  Owing  to  the 
extremely  delicate  constitution  of  many  of  the  skeletal  parts,  and  the  looseness 
with  which  the  plates  and  segments  are  united,  the  Crinoid  organism  is  by  no 
means  favourably  adapted  for  preservation  in  the  fossil  state.  Perfect  crowns 
are  of  comparatively  rare  occurrence  ; but,  on  the  other  hand,  detached  joints 
of  the  stem  and  arms  are  often  very  al)undant,  and  occasionally  form  beds  of 
considerable  thickness.  Crinoidal  limestones  of  greater  or  lesser  extent  are 
met  with  in  numerous  formations  from  the  Ordovician  to  the  Jura  ; those  of  the 
Carboniferous  and  IMuschelkalk  (Trochitenkalk)  being  csjiecially  characteristic. 

Chmifiattiun. — The  first  attempt  to  construct  a classification  of  the  Crinoids 
was  that  of  J.  S.  Miller  in  1821.  Four  groups  differing  in  the  foirn  and  mode 
of  union  of  the  calyx  jilates  were  distinguished  by  Miller,  as  follows  : — C.  mii- 
citlafa,  aemiartindata,  iiNiriicidtitu,  and  coadnnntn.  The  classification  of  Johannes 
Midler,  in  18J1,  was  based  upon  a number  of  differential  characters,  such  as 
the  articular  or  close  suture  of  the  radials,  the  thickness  of  the  calyx  plates,  the 
mobilitv  of  the  arms,  and  the  plated  or  coriaceous  character  of  the  ventral  disk. 
Two  ja  incipal  groups  were  recognised  ; ylrUadata  und  Tcsschda  ; while  a third 
(Costafa)  was  constructed  for  the  reception  of  the  unique  genus  Sarxocoma. 
T.  and  T.  Austin  and  F.  Poemer  adojffed  the  untenable  divisions  of  Stalked 
and  Unstalked  Crinoids. 

The  impoi'tance  of  Mbichsmuth  and  Sj)ringer’s  investigations  on  the  structure 
of  the  calyx,  especially  of  the  tegmen,  and  on  the  orientation  of  the  stem  and 
its  canals  in  monocyclic  and  dicyclic  foims,  cannot  be  overestimated.  Two 
g)-ou])s  weie  ])Ut  foi  wai'd  in  their  classification  of  1879  : Idilaeur.rinoid&i,  and 
tSfoimdorriiwidf'a  ( = Xrocrinoidca,  Carpenter) ; groujis  which  cori'cspond  in  the 
main  with  the  Tesselafa  and  ylrikulida  of  Johannes  Miiller.  This  cla.s.sification 
was  sub.sequently  abandoned,  and  a new  one  j)ropo.sed  for  it  in  1888,  in 
which  foui-  principal  oi'ders  were  recognised,  as  follows : Camtrata,  Imidunata, 
Arikidtdn,  and  Canaliciilatn ; the  latter  being  nearly  identical  with  the 
ylriicnUda  of  IMiiller.  The  Inadiintda  are  further  divided  into  the  two  sub- 
oi'ders — /.  htnifornna  and  I.  Jistidafa  ; but  it  is  prefci'ablc  to  regard  these  gi’oups 

' [Some  of  the  Jr.lilhi/ocn'nidae  ;ire  almost  iileiitical,  in  fact,  with  the  ])ecluiioiiIate  .stage.s  of 
Antedon.  Waeh.smuth  and  Springer,  from  their  observ.ation.s  on  the  orientation  of  the  stem  and  its 
can.al  in  fo.ssil  monocyclic  and  dicyclic  Crinoid.s,  were  led  to  infer  the  ])re.sence  of  infrabasals  in  the 
nepionic  or  adult  .stages  of  many  forms  previously  siip])Oseil  to  be  without  them.  Thi.s  jirediction 
was  abundantly  contirnied  by  Mr.  Bury’s  discovery  of  minute  infrabasals  in  the  gastrula  larva  of 
Antedon.  See  es])ecially  II.  Hun),  Early  Stages  in  the  Development  of  Antedon  rosaceu-s,  Philos. 
Trans,  vol.  CLXXLX.  pp.  257-301,  1889.— Trans.] 
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as  of  equal  value  with  the  remaining  orders.  The  divisions  established  by 
Wachsmuth  and  Springer  are  on  the  whole  extremely  well  founded,  and  have 
been  adopted  as  the  basis  of  the  folloAving  systematic  arrangement.  The  term 
Inadunata  is  dropped,  however,  on  raising  the  Larvifonnia  and  Fistulata  to  the 
rank  of  independent  orders ; and  for  the  tenns  Articulata  and  Canaliculata,  the 
de.signations  Flexibilia  and  Articuluta  are  substituted  respectively. 

[More  recently  an  improved  classification  lias  been  prepared  by  Wachsmuth  and 
Springer,  in  connection  with  their  as  }mt  unpublished  monograph  on  the  Crinoidea 
Camerata  of  North  America.  The  primary  divisions  of  the  Crinoidea  as  now  recognised 
by  these  authors  are  shown  in  the  subjoined  table. 

Within  the  last  few  years,  also,  the  terminology  has  been  amended  in  several 
important  respects ; and  conformably  to  the  usage  of  the  leading  English  and 
American  authorities,  certain  of  these  changes  have  been  adopted  in  the  present 
edition.  An  explanatory  note  on  the  use  of  terms  is  therefore  given  at  this  place,  in 
order  to  facilitate  reference,  and  to  exhibit  the  correspondence  between  tbe  older 
terminology  and  the  new. 

The  only  abbreviations  employed  in  the  text  are  the  following  : — 

JB  = Infrabasals.  Br  = Braoliials. 

B = Basals.  RA  = Radianal. 

R = Radials.  IR.A  — First  or  sjiecial  anal. 

In  addition  to  these  the  following  are  used  in  the  figures,  but  are  printed  in  small 
letters ; — 

A''=  Calyx.  0 = Orals. 

A = Arms.  IR  = luterradials. 

At  = Stem.  List  = Distichals. 


Explanation  of  Terms. 

6Voi<’a  = Crinoid  minus  the  stem. 

ftd2/a;  = Crinoid  skeleton  minus  the  stem  and  free  arms. 

Dorsal  cup  = A\\  parts  of  the  calyx  below  the  origin  of  the  free  arms. 

Te(jmen  — T\mt  part  of  the  calyx  lying  above  the  origin  of  the  free  arms,  and  embracing  the 
disk  ambulacra,  the  mouth,  and  the  anus.  Includes  the  terms  ventral  disk,  vault,  dome, 
summit,  etc. 

Aase  = That  part  of  the  dorsal  cup  lying  next  to  the  column.  It  may  be  composed  of  one  or 
of  two  rings  of  plates,  which  are  distinguished  as  basals  and  infrabasals.  The  basals  adjoin 
the  radials  and  alternate  with  them,  being  interradial  in  jwsition.  The  infraliasals,  when 
present,  form  the  proximal  ring,  and  are  radially  disposed. 

Raulials  = Th-0,  circlet  formed  by  the  first  pdate  in  each  of  the  rays  ; or,  the  radially  situated 
circlet  of  pdates  above  basals,  and  this  ring  only.  In  some  of  the  earlier  Crinoids  one  or  more 
of  the  radials  are  transversely  bisected,  in  which  case  the  two  parts  are  distinguished  as  super- 
radinl  and  inferradial.  (Abbreviated  id  in  the  figures.) 

BracMaIs  = A.W  pdates  beyond  the  radials  in  radial  succession.  They  are  called  fixed 
brachials  so  far  as  they  take  jiart  in  the  calyx  ; free  brachials  or  ann-phtfes  when  they  do  not. 
The  brachials  forming  the  first  circlet  above  the  radials,  whether  free  or  fixed,  are  called 
primanj  brachials,  or  eostals  ; those  of  the  second  order  distichals,  or  secondary  lirachials  ; those 
of  the  third  order  ; and  all  succeeding  brachials,  whether  there  are  additional  divisions 

in  the  ray  or  not,  receive  the  name  post-palmars. 

Intcrradials  = M\  pdates  occupiying  the  spiaces  between  the  rays  propier,  whether  they  belong 
to  the  dorsal  cup  or  the  ventral  disk.  Those  of  the  dorsal  cupi,  which  are  interpiosed  between 
the  brachials,  are  distinguished  as  interbrachials,  and  those  of  the  tegmen,  which  lie  lietween 
the  ambulacra,  as  interambulac7-als. 

luterradials  of  the  piosterior  side,  forming  the  base  of  the  anal  structure.  The  special 
ov  first  anal  plate,  when  piresent,  invariably  rests  upion  the  truncated  upiper  face  of  the  piosterior 
basal,  and  between  the  radials.  Higher  anal  pdates  may  be  piresent,  even  when  the  spiecial 
anal  is  wanting  ; they  are  interposed  between  the  interbrachials  following  the  median  line  of 
the  posterior  area. 
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'Y\\e  ItiuUihutl  (=  first  or  lower  aaol  phite  wlipii  ]irescnt,  rests  ^^■itlnll  the  re-entrant 

an«fle  of  two  ailjoining  hasals  to  the  right  of  the  true  anal  jilate,  and  is  the  lower  half  of  a 
liisected  radial,  w hich  only  in  certain  genera  assumes  anal  functions. 

0;Y^/.‘(  = The  live  large  interradial  jilates  which  surround  the  month  or  cover  it.  They  are 
said  to  lie  siinn/irfriral  when  of  nearly  the  same  size  and  form  ; ((si/nundrical  when  the  posterior 
plate  is  pushed  in  lietween  the  foui-  others. 

Aiiihulcicr/ils  = The  rows  of  small  plates  in  the  tegmen  which  are  radially  situated.  They 
consist  of  (idamt)vlacr(ih  or  side-pieces,  and  the  cover iaii-pihites  {Saumplditchni).  The  former, 
wdien  jiresent,  constitute  the  outer,  the  latter  the  inner  rows  of  jilates.  The  covering  jilates 
form  a roof  ov'er  the  food-grooves  ; they  are  generally  rejiresented  hy  two  alternating  rows  of 
small  plates,  more  or  less  regular  in  their  ariangement,  which  arc  movable  ujion  the  arms  and 
pinnules,  but  ujion  the  disk  only  in  those  Crinoids  in  wdiich  the  mouth  is  cxjiosed. 

The  orientation  is  based  ujion  the  natural  jiosition  of  the  Crinoid,  with  the  arms  njijiermo.st, 
and  viewing  the  sjiecimen  from  the  anal  side.  The  anal  inten'adius  will  then  be  jiosterior,  the 
radius  opposite  to  it  anterior,  w hile  the  right  and  left  sides  corresjiond  with  light  and  left  of 
the  observer. 


Primary  Divisions  of  the  Crinoidea,  according  to  W.  and  Sp. 

I. 

Crinoids  in  wliicli  the  arms  are  free  above  the  radials.  The  topmost  joint  the 
youngest  in  the  stem. — Order  1.  Inaddn.vta. 

(//)  Disk  comjiosed  of  orals  only.  Ambulacra  subtegminal. — Sub-Order  A.  Larriformia. 

{h)  Postei  ior  side  of  the  disk  extended  into  a sac.  Ambulacra  suiuatcgminal. — Sub-Order 

11.  Fistnlata. 

II. 

Crinoids  in  wdiich  the  lower  brachials  take  ]iart  in  the  dorsal  cup.  All  plates  of 
the  calyx  united  by  clo.se  .sutures.  Mouth  and  food-grooves  closed.  The  top  joint 
the  youngest  in  the  stem. — Order  2.  Ca.mehata. 


III. 

Crinoids  in  which  the  lower  brachials  are  incorjiorated  into  the  calyx  either  by 
lateral  union  with  each  other,  or  by  means  of  a skin  studded  wdth  calcareous  jiarticle.s. 
All  Jilates  from  the  indials  uj>  movable.  ]\Iouth  and  food-grooves  exjiosed.  The  toji 
stem  joint  fused  w ith  the  infrabasals,  and  not  the  youngest  joint  of  the  stem. — Order  3. 
Auticul.vta. 

(a)  Arms  non-jiinnulate. — .Sub-Order  A.  Iinpinnata. 

(h)  Arms  jiiiiniilate. — .Sub-Order  11.  Piniuit((.'\ 


Order  1.  LARVIFORMIA.  Wachsmuth  and  Springer. 
{lliijilocrinncea,  Xeumayr.) 

'Ti'ftinen  formed  hp  fire  IriaHijuhir  orals  <mh/,  arrmuieil  in  the  form  of  a pyramid. 
Jlorsal  rap  comjiosed  of  hasals  and  radials  exclusireli/,  excejit  in  the  Cajiressocrinidae, 
where  the  hasals  enclose  a central  nndirided  jilate.  AH  jilates  imrnorahly  united  hy 
dose  sutures  : arms  feehly  develojied.  Ordovician  to  Carboniferous. 

Mostly  small  forms  e.xliibiting  embryonic  characters  jier.sistcntly  throughout 

life. 

Family  1.  Haplocrinidae.  Koemer. 

Calyx  small,  jiyriform  to  yloliose.  Three  of  the  radials  conijiound,  the  others  sinijde. 
Orals  large,  triangular  to  pentagonal,  laterally  in  contact.  Arms  five,  uniserial,  non- 
jiinnulate.  Devonian. 
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Haplocrinus,  Steiniiig.  (Fig.  236).  B 
radials  composed  of  two  pieces,  of  which 
the  uppermost  or  supenwlial  is  the 
larger,  and  liears  an  articular  facet  for 
the  attachment  of  the  arms.  Arms 
small,  simple,  uniserial,  resting  within 
deep  grooves  formed  along  the  sides  of 
the  orals.  Oi'als  large,  pentagonal,  and 
laterally  in  contact ; the  posterior  one 
pierced  by  a small  anal  opening.  Mouth 
subtegminal ; column  composed  of  thin 
joints.  Not  uncommon  in  the  Middle 
Devonian  of  the  Eifel  and  Nassau  ; 
sparse  in  the  Upper  Devonian  of  North 
America. 

Family  2.  Allagecrinidae. 

Cali/x  vcnj  small.  Basals  fire,  radials  fire,  of  iiregular  form 
and  size.  Some  of  the  radials  a.rillarij  and  .snpportinf/  two  arms  ; 
others  truncMe  and  supporting  hut  one  arm;  their  articular  facets 
prurided  icith  transrer.se  ridges  and.  large  -muscle  plates.  Upper 
Suh-Carhoniferous  ; Europe  and  North  America. 

AUagecrinus,  E.  and  C.  B completely  anchyloscd  in  the 
adult,  and  the  suture  lines  between  the  orals  also  disappear- 
ing with  age.  Stem  largest  next  to  the  calyx,  rapidly 
tapering  downwai'd.  Sub-Carljoniferous  ; Great  Britain  and 
North  America. 

Family  3.  Pisocrinidae.  Angelin. 

Calg.c  small,  globose  or  cup-shaped,  and  composed  of  heavij 
plates.  Basals  three  to  five,  mdiids  five,  verg  iinequal,  the  -right 
posterior  one  compound.  Inferradial  completely  -roofed  over  by 
the  lateral  flanges  of  the  svpcrradial  and  -right  antero-lateral 
radial.  Arms  simple,  nniserial,  and  composed  of  long,  cylindrical 
joints.  Silurian  and  Devonian. 

Pisocrin-us,  de  Kon.  (Fig.  237,  A).  B five,  unequal, 
forming  a ti'iangle.  Only  the  huge  anterior  radial,  and  the 
left  posterior  resting  upon  the  basals  ; the  superradial  of  the 
right  posterior  ray,  and  the  right  antero-lateial  radial,  being 
supported  by  the  upper  angle  of  the  inferiadial ; the  latter 
not  in  contact  with  the  anal  tube.  Arlicular  facets  of  the 
radials  impressed  between  vertical  partitions  formed  l>y  the 
lateral  margins  of  the  plates.  Tegmen  rai'ely  presei'ved  ; 
but,  as  observed  by  Wachsmuth  in  pilula,  consisting  of 
five  large  symmetrical  orals,  al)ove  which  rises  a long, 
narrow,  anal  tube.  Arms  long,  and  coni])osefl  of  extremely 
elongate,  heavy,  cylindrical  ossicles.  Silurian  ; Gottland,  Dudley,  Flnglaud,  and 
North  America  (Niagara  Group). 


A li 


Fio.  237. 


A,  risocriiinsflagcUifrr, 
Aiig.  Silurian ; Gottlaiul. 

Perfect  specimen, 
posterior  view  ; b,  Calyx 
seen  from  one  side  ; 
c,  From  below,  i/^  (after 
Angelin).  B,  Trlacrinus 
aUuH,  Miill.  Devonian  ; 
Gerolstein,  Eifel.  a, 
Calyx  seen  from  one 
side;  b,  From  below,  i/i* 


five,  B five,  unequal.  Thi'ee  of  the 


<h  m?  O 


Fic.  23(i. 


JlapJocriiivs  Goldf.  Devonian  ; 

Gerolstein,  Eifel.  o,  Calyx  seen  from  one  side  ; 

Seen  from  above  ; <■,  St'cn  from  below  ; Diagram 
of  calyx ; h,  Basals ; , tl»e  tliree  unsymmetrieal  plates 
situated  between  basals  and  radials  ; r,  Radials  ; 
br,  First  arm-ossicle  ; o,  Orals. 


Etheridge  and  Carpenter. 
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Trlacrinus,  Miinst.  (Fig.  237,  JJ).  Differs  from  the  preceding  in  having  hut 
three  B.  AYachsmuth  has  shown,  however,  that  some  of  the  Eifel  specimens 
occasionallv  have  five  B,  thus  leading  to  the  inference  that  the  two  forms  are 


identical. 


Devonian  ; Eifel,  Fichtelgelhrge. 


Family  4.  Symbathocrinidae.  Wachsmuth  and  Springer. 

Cuhix  smtiH,  hold-shaped,  composed  of  three  unequal  or  of  fire  equal  hasals,  and  fire 
nearh/  equal  radial s.  Tefjmen  formed  Inj  five  small,  asymmetrical  or<ds ; between  these 

and  the  radials  extends  a long,  anal  tube,  which,  howerer,  is  not  supported  by  anal 
qilaUs.  Entire  upper  edges  of  the  radials  bevelled  off  so  as  to  form  straight  articular 
hacets,  ichicli  are  furnished  with  well-developed  transverse  ridges.  Arms  jive,  simqdc ; 
column  round.  De^■onian  and  Carboniferous. 


Ion 


(piadrangular 


or 


Syrnbathocrinus,  Phill.  B three,  unequal  ; B five, 
pentagonal.  The  posterior  oral  larger  than  the  others.  Anal  tube  long,  very 
slender,  resting  partly  upon  the  radials  and  partly  upon  the  orals.  Arms  long, 
uniserial,  and  composed  of  comparatively  thick  ossicles  with  sharp  angular  edges. 
(Jarl)oniferous  ; Great  Britain  and  North  America. 

Bhimocrinus,  Schultze.  Diffei's  from  the  preceding  in  having  five  B.  De- 
vonian ; Europe. 

fi'om 


Stylocrinus,  Sandb. 


Distinguished 


Syrnbathocrinus  mainly  by  the 
character  of  the  radial  facets, 
which  are  dii'ected  obliquely 
downwai'd  and  inward,  in- 
stead of  upward  and  outward. 
1 )evonian. 

Stortingocrinus,  Schultze. 
Devonian.  Lageniocrinus,  de 
Kon.  Carboniferous. 

Eamily  5.  Cupressocrinidae. 
d’Orbigiiy. 

Calyx  large,  basin  - shaped, 
composed  if  five  equal  basals  and 
five  equal  radials;  the  hasals  en- 
closing a central  qientagomd  qdate, 
which  in  all  jwohability  represents 
fire  anchylo.sed  infrahasals.  Upper 
faces  of  radials  broad,  frunaite, 
and  forming  an  even  horizontal 
line,  t'ostals  compressed,  flange- 
shaped. A qieculiar  annular 
structure,  the  so-called  ^Aonsolidat- 
ing  apparatus,”  situated  on  the 
njiper  interior  rnargin  of  the  calyx 
between  the  arm-bases.  Anns 
five,  simple,  uniserial,  and  closely 
folded ; they  are  composed  of  broad  thich  plates  united  by  close  sutures,  and  are 
traversed  by  a well-d.evelopjed  dorsal  canal.  Column  pierced  by  a large  axial  ejnd 
three,  four,  or  five  peripheral  canals.  Devonian. 


U II p rt’ssorr I II II cra.'<sii.<,  Goldf.  Devonian  ; (ierolstein,  Eifel. 
II,  Perfect  sj)ecinien,  natural  size;  h,  Cro.ss-section  f)f  column; 
r,  Centrodorsal  jdato  ; d,  Section  tlirou^di  tlie  folded-uj)  arms, 
sho\vin^'  well  - jnvserveil  inrolled  ])innules,  plated  covering"  of 
ainbulacral  fui-rows,  ami  neuro-vascular  canals  perforating  the 
ossicles;  i.  Interior  of  calyx  from  above,  showing  the  live  con- 
snliflatiiig  j)lates  ; the  lowermost  containing  the  anal  opening; 
/.  Radial  pierced  by  ainbulacral  opening,  but  with  wall  covering, 
the  same  i»artly  broken  away  ; g,  .Side-view  of  radial  in  which  the 
ring-like  covering  tif  the  ainbulacral  opening  is  preserved  intact. 
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Cupressocrinus,  Goldf.  (Fig.  238).  Tegmeii  very  small  ■,  the  gi'cater  part  of 
the  ventral  surface  covered  by  the  so-called  consolidating  appai'atns.  This  i.s 
composed  of  five  petaloid,  horizontally  truncated  interradial  pieces,  which  are 
laterally  in  contact,  and  enclose  a large,  central  open  space.  The  opening  was 
probably  covered  by  orals,  as  in  Symhuthocrmn.'^ ; while  the  consolidating  plates 
served  for  the  attachment  of  muscles.  Five  round  apertures,  through  which  the 
ambulacra  entered  the  calyx,  perforate  the  diidsions  between  the  consolidating 
plates;  one  of  the  latter  is  pierced  by  the  anal  opening  (Fig.  238,  e).  Arms 
provided  with  a wide  and  deep  ventral  furrow,  lined  on  Ixjth  sides  with  jointed, 
closely  abutting  appendages ; of  these  there  are  several  to  each  arm-plate,  thus 
showing  that  they  are  dilferent  from  true  pinnules.  Middle  Devonian  ; Eifel, 
Harz,  Nassau,  and  Westphalia.  cras.'iiis,  elongatus,  iihbreriutus,  Goldf. 

Mgrtilhcrimis,  Sandb.  Calyx  deep ; tegmen  formed  iiy  hve  large  symmetri- 
cal orals  resting  directly  upon  the  radials.  IB  fused  into  a single  plate,  and 
pierced  by  the  quadripartite  canal  of  the  stem.  Devonian. 


Family  6.  Stephanocrinidae.  ’Wadismuth  and  Springer. 


Calyx  rup-shuped,  composed  of  three  elongate  hasals,  fire  radials,  and  fire  inter- 
railials.  Radials  deeply  forked  ; the  prongs  formed  by  the  margins  of  tiro  contiguous 
radials  extending  upward  between  the  arms,  and  buildiyg  together  with  the  interrudials 
a row  of  pyramids.  Radial  incisions  occupied  by  the  andndacral  groores,  irhich  are 
roofed  over  by  tiro  rows  of  covering  pieces ; those  of 
the  same  row  closely  anchylosed.  First  costals  semi- 
lunate,  and  resting  within  a horseshoe-like  concavity 
near  the  older  end  of  radial  incisions.  Tegmen 
constituted  of  five  large  triangular  orals.  Arms 
very  short,  composed  of  about  ten  pieces,  all  of  irhich 
are  axillary,  and  give  off  side  arms.  The  latter  are 
biserial,  non-pinnulcde,  and  are  made  up  (f  long, 
strongly  cuneiform  joints.  Ordovician  and  Silurian. 

Stephanocrinus,  Conrad  {Rhonibifera,  Barr.), 

(Fig.  239).  This  unique  genus  is  distinguished 
from  all  other  Larvifonnia  l>y  the  biserial  and 
liranching  character  of  the  ai'ms,  as  well  as  by 
the  presence  of  small  interradials.  Anal  aperture  situated  near  the  summit  of 
one  of  the  interradial  projections.  Ordovician  (Etage  D) ; Bohemia.  Silurian  ; 
North  America. 


Fici.  isa. 

anrfulotus,  Conrad.  Sil- 
uiian  ; Lockport,  New  York,  a,  iSide  view 
of  calyx,  natural  size  ; b,  8unmiit  aspect, 
enlar'^ed ; projecting  upper  ends  of  the 
radials  broken  away  (after  Hall). 


Order  2.  CAMERATA.  Wachsmuth  and  Springer. 

{Sphaeroidocrinacea,  N eumayr. ) 

The  lower  arm-plates  incoiporated  into  the  dorsal  cup  by  means  of  supplementary 
plates.  All  pAates  of  the  calyx  united  by  close  sutures,  and  immorable.  Tegmen  in 
the  form  of  a solid  vault,  composed  of  rigidly  united  plcdes.  Mouth-  and  food-grooves 
completely  covered;  the  covering  pieces  of  the  Icdter  freipterdly  incorporated  in  the 
tegmen.  Amd  opening  eccentric  or  subcentral,  frequently  situated  at  the  end  of  a 
proboscis-like  anal  tube.  Interradials  constantly  present  in  all  interrays;  inter- 
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(lisfirhilhi  (ukJ  interpahnurs  often,  owl  in  most  coses  anols  also  present.  Arms 
uniserial  or  biserial,  and  2^i')uinlote.  Orcloviciaii  to  Carboniferous. 


[Analysis  of  Families,  according  to  Wachsmuth  and  Springer.^ 


I. 


Lower  brachials  and  interljrachials  forming  an  important  part  of  the  dorsal 

cup. 


A.--  Interb.\di.vls  Ill-Defined. 


'I'lie  lower  jilatcs  of  tlie  ray.s  more  or  less  completely  separated  from  those  of  other 
rays,  and  from  the  primary  interradials,  by  irrej^ular  siip])lementary  iheces.  Anal 
interradius  divided  by  a row  of  conspicuous  plates.  Dicyclic  or  monocyclic. — 
RETEOCIlINID.tE. 

13. — Interr.^di.u.s  A'ell-Defined. 

1.  Jh'cl/ctic — 

[ii)  Kadiabs  in  contact  except  at  the  posterior  side. — Tuvs.vnocrinidae. 

(li)  lOul'uiH  srparntoJ  all  arouad. — Rhodockinid.^e. 

2.  MonocijcUc — 

(n)  lOidiids  ill  anitad  at!  around. 

Symmetry  of  tlie  dorsal  cup,  if  not  strictly  ))cntamcrou.s,  disturlicd  by  the  introduction 
of  ,'inals  between  the  brachials  only. — .\Ielochinid.\e. 

Arms  borne  in  compartments  formed  by  j)artitions  attached  to  the  tegmen.  Dorsal  cup 
])crfectly  pentamerous.  Calyx  [dates  limited  to  a detinite  number. — C.u.yi’tocrinidae. 

(lj)  Jii/diids  ill  coiitart  cxccjii  at  the  jiostcrior  side,  irhere  llirij  arc  separated  hij  an  anat  plate. 

First  anal  [ilate  hejitagonal,  followed  by  a .second  between  two  iiiterbracdd.als. — Bato- 
CHINIDAE. 

First  anal  jilate  hexagonal,  followed  by  two  interbrachials  without  a second  anal.  Arms 
branching  from  two  main  trunks  by  alternate  bifurcation.— Actixociuxidae. 


II. 

Hiachials  and  interbrachials  but  slightly  repre.sented  in  the  dor.sal  cup. 

1.  JhajrHc — 

Radials  in  contact  excej)!  at  the  posterior  side. — Crotalocrinidae. 

2.  Moiincijdie — 

(a)  /tad inis  in  eoutaet  at!  aroinid.  Base  pCiitiOjOiin! -Vl.XWr’Rl'SUiW.. 

(Ii)  Itadials  sepmrated  at  the  posterior  side  hif  an  anal  plate.  Base  he:ra<ional . 

Basals  followed  dii-eetly  by  the  radials. — IIexaCRIXIDae. 

Basals  separated  froni  radials  by  accessory  ])ieces. — Acrocuinidae. ] 


Family  1.  Platycrinidae.  Roemer. 

Ihirsal  cop  composed  of  a monoajrlii:  base  and  a circlet  of  Jive  large  radials, 
without  sjieciid  onol  jilotc.  The  lower  brochnds,  which  form  port  of  the  culi/x,  similor 
in  form  oml  .si~c  to  the  free  orm-joints.  Interradials  heavij,  restricted  olinost 
exclnsirejy  to  the  tegmen  ; onlg  those  of  the  first  row  to  a certain  extent  interbrachial. 
Arms  often  numerous,  generalh/  free  from  the  distichols  ugneards ; uniserial  or 
biseriol.  I’innules  v:ell  dereloped.  Silurian  to  Carboniferous,  j 

' [WachsniiUh,  C.,  and  Sjiriia/cr.  F.  The  Crinoidea  Camer.ata  of  North  America  (Memoirs 
Museum  Comp.  Zool.  vol.  xxiv. ) In  jiress.  The  above  is  extracteil  from  proof-sheets  kindly 
furnished  by  the  authors. — Tr.AN.s.] 
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Platijcrimis,  Miller  (Figs.  229,  240).  B three,  unsymnietrical,  frequently 
anchylosed.  R long,  large,  laterally  united  liy  close  sutures,  and  furnished 
superiorly  with  a crescent -shaped  articular  facet.  Succeeding  the  R,  and 
united  with  them  by  close  sutures,  is  a row  of  small  axillaries.  These  are 
often  so  minute  as  to  lie  completely  hidden  within  the 
radial  facets,  as  is  also  the  case  sometimes  with  the  first 
distichals.  First  row  of  inteiradials  on  a level  with  the 
arm-bases,  and  consisting  of  three  plates  horizontally 
arranged  they  are  in  part  interbrachial  and  in  pai  t 
interambulacral.  The  higher  interradials,  when  present, 
strictly  interambulacral ; plates  of  the  anal  interray  moi'e 
numerous  than  those  of  the  four  regular  sides.  Orals 
large,  asymmetrical,  and  resting  against  the  interradials. 

Covering  pieces  of  the  ambulacra  generally  exposed,  very 
rigid,  and  incorporated  into  the  tegmen.  Anus  either 
eccentric,  or  placed  at  the  end  of  a short  thick  tulie. 

Arms  uniserial  at  their  lower  ends,  but  gradually  becom- 
ing biserial.  Column  elliptical  and  twisted ; the  axes  of 
the  upper  and  lower  surfaces  of  the  individual  segments 
being  slightly  shifted  upon  one  another..  The  stem  is 
pierced  by  a very  minute  axial  canal,  and  gives  off  cirri 
toward  the  distal  end.  Extremely  scarce  in  Devonian,  but  aluindant  in  Carlion- 
iferous.  P.  laevis,  Mill.  ; P.  hemkphacricus,  M.  and  M". 

Rudadocriims,  Meek.  Calyx  and  stem  as  in  Platycrinns,  Imt  having  the 
rays  produced  laterally  into  large  tulmlar  appendages,  from  which  biserial, 
pinnule-bearing  arms  are  given  off  alternately  throughout  their  entire  length. 
Sub-Carboniferous  (Burlington  and  Keokuk  Groups). 

Coccocrinus,  Muller  (Fig.  227).  Like  Platycrinus,  but  the  costals  wider, 
and  forming  together  with  the  interradials  a part  of  the  dorsal  cup.  Costals 
two,  succeeded  by  two  distichals,  of  which  the  upper  one  is  axillary ; inter- 
radials only  one  to  each  side.  Orals  large,  triangular,  almtting  against  the 
interradials,  and  forming  nearly  the  whole  of  the  ventral  surface.  They  are 
separated  from  one  another  by  a deep  angular  groove,  closed  at  the  liottom. 
Anal  opening  in  the  suture  lietween  the  jiosterior  interradial  and  its  corre- 
sponding oral.  Silurian  ; Tennessee.  Devonian  ; Eifel. 

Culicocrinus,  Midler.  Transitional  between  Coccocrinus  and  Platycrinus. 
Calyx,  as  in  the  former,  small  and  globose;  but  the  orals  somewhat  a.sym- 

nietrical.  Arms  bifurcated,  heavy,  biserial.  Column  round.  IMiddle 

Devonian ; Eifel. 

Cordylocrinus,  Ang.  Arrangement  of  calyx  plates  as  in  Platycrinus,  Imt 
the  tegmen  higher,  and  arms  uniserial.  Column  round,  and  bearing  long 
cirri ; the  upper  ones  reaching  nearly  to  the  tips  of  the  aims.  Silurian  ; 
Gottland. 

Marsupiocrinus,  Phill.  Dorsal  cup  depressed,  saucer-shaped.  R and  R as 
in  Platycrinus.  Radials  rapidly  spreading,  and  followed  by  a very  small 
trigonal  axillary ; this,  together  with  the  two  superjacent  distichals,  is  buried 

Muthin  the  radial  facet,  so  that  the  three  plates  are  wholly  or  almost  ivholly 

supported  by  the  radials.  Tegmen  composed  of  numerous  small  pieces  ; anal 
opening  eccentric.  Column  round,  and  traversed  by  a large  axial  canal. 
Silurian ; Gottland,  England,  and  North  America  (Niagara  Group). 


Fig.  240. 

Plctlicriiuis  trnji iitiducti/Ji.i.-<, 
Austin  sp.  Carboniferous 
]>imestoiie;  Tourmiy,  Belgium 
(restored  after  de  Koninck). 
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Family  2.  Hexacrinidae.  'Waclismutli  an<l  Springer. 

Jhi'sal  CHp  coinpo^dl  of  a moiioci/clic  hose,  Jii'e  lonje  nidials,  <nid  an  anal  plate 
■•<iiinlar  in  form  and  si~e  to  the  radhdx  interposed  between  them.  In  all  other  respects 
constituted  like  the  Plati/crinidae.  Devonian  and  CaiEoniferons. 

Ile.rucrinus,  Au.stin  (Fig.  241).  It  three,  e([ual ; A five,  very  large  and 
elongate.  Tegmen  low,  composed  of  relati\  ely  large  plates,  and  pierced  by  an 
eccentric  anal  opening.  Arms  uniserial  or  lu.serial ; pinnules  unusually  long. 
Column  round.  Devonian ; represented  by  numerous  species  in  England, 
France,  Belgium,  and  the  Eifel,  but  by  only  a few  in  North  America. 

Jjichocrinus,  Miinst.  Differs  from  lle.mcrinus  in  having  but  two  hexagonal 
basal.s,  and  an  eccentric  anal  opening.  Sub-Carboniferous  ; Belgium.  Great 
Britain,  and  North  America. 

jlrthrocantha,  illiams  {llistrirnnus,  Hinde).  Like  llexarrinus,  except  that 
the  calyx  plates  are  lieset  with  short  mobile  .spines.  Devonian  ; North 
America. 

I'terotocrinus,  Lyon  and  Cass.  1!  two,  C(pial.  It  short,  rapidly  spreading  ; 
their  upper  faces  excawited  for  the  I'eception  of  se\eral  orders  of  brachials. 


Km^.  l’41. 

Ifr.itirrhiUfi  tlontjaf (ioMf.  Devonian  ; IVlm,  Eifel.  e.  Calyx  seen  from  one  si«le  ; b,  Aspect  <»f  summit ; 
' . Diagram  of  calyx  ami  arms  ; f/,  r,  Column  of  //.  spi nosas,  Mull,  (after  C.  Scliultze).  . 

which  rest  with  their  lateral  edges  upon  it ; all  of  the.se  plates  taking  part  in 

the  dorsal  cup.  JEA  less  than  half  the  .size  of  the  E,  and  sometimes 

triangular.  Tegmen  highly  elevated,  pyi’amidal.  Oivds  large,  asymmetrical ; 
their  lower  angles  enclosing  five  huge,  radially  di.sposed  plate.s,  Avhich  are 

sejiarated  from  one  another  by  interamliulacral  pieces.  These  plates  are 

pro\  ided  with  enormous,  leaf-like,  club-shaped,  or  sjiatulate  processes,  which 
project  outward  conspicuously  from  lietween  the  arms.  Anus  sub-central. 
Arms  four  to  each  ray  ; biscrial.  Kaskaskia  Group  ; North  America. 

Talarocrinus,  W.  and  Sp.  Intermediate  between  the  preceding  and  iJicJm- 
crinus ; structure  of  the  tegmen  resembling  the  foi-mer,  that  of  the  dorsal  cuj) 
the  latter.  HI.  I slightly  smallei'  than  the  E ; its  upper  end  narrower  than 
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the  lower.  Costals  one  to  each  ray,  very  minute,  trigonal ; they  are  roofed 
over  by  the  distichals,  which  rest  with  their  sides  upon  the  it,  but  are  laterally 
in  contact  with  one  another.  Processes  of  the  tegnien  thorndike  and  less 
prominent  than  in  Fterotocrinus.  Arms  two  to  four.  Anus  sub-central.  Con- 
fined to  the  St.  Louis  Limestone  of  North  America. 


Family  3.  Actinocrinidae.  Roeuier. 


at  the 
large, 


Base  monocyclic.  Basals  three,  sub-equal ; radials  united  laterally,  except 
posterior  side,  where  they  are  separated  by  a large  and  p>late.  Fixed  brachials 
similar  in  form  to  the  radials.  Interradicds  abundantly  represented  ; 
the  first  row  interposed  between  the  primary  brachials,  and  consisting 
of  a single  plate  in  each  of  the  interrays  except  the  posterior ; the 
second  row  consisting  of  two  or  three  pilates,  and  usucdly  succeeded 
by  additional  rows.  Plcdes  of  the  tegmen  numerous,  and  forming  a 
rigid  vault.  Orals  marhedly  asymmetrical ; anus  sub  - central, 
eccentric,  or  marginal,  ivith  or  loithout  an  anal  tube.  Ordovician 
to  hliddle  Sub-Carboniferous. 


[The  Actinocrinidae,  Roeiuer,  according  to  "Waclismutli  and 
Springer,  fall  naturally  into  two  subdivisions,  which  are  elevated 
by  them  in  their  forthcoming  Monograph  to  the  rank  of  inde- 
pendent families.  The  relations  between  the  two  sections,  which 
are  designated  as  groups  A and  B in  tlie  original,  and  the  genera 
embraced  by  them,  are  as  I'ollows  ; — t'm.  24-’. 

I’atdliocriniis  lepo- 

A.  (Actinocrinid.\e,  s.  str.),  lEA  hexagonal,  succeeded  Ijy  two 


Ang.  sp. 
drian  ; Gottlaiid. 

interbrachials  without  a second  anal.  {Actmocrinus,  Cactocrinus,  Natural  size  (after 
Amphoracrmus,  Teleiocrinus,  Steganocrinus,  Fhijsetocrinus,  Strotocrmus.)  ' ° 

B.  (Batocrixidae,  W.  and  Sf>.),  IRA  heptagonal,  succeeded  by  two  interbrachials 
which  enclose  a secondary  anal.  (Batocrinus,  Eretinocrinm,  IWrycrinus,  Agaricocrinus, 
Alloprosalocrinus,  Barrandeocrinus,  Habrocrhius,  Desmidocrinus,  Reriechocrinus,  Megisto- 
crinus,  Abacocrinus,  etc.] 


(Section  A.)  Actinocrinidae. 


Actinocrinus,  Miller  (Fig.  243).  Calyx  pyriform  or  ovate;  plates  of  the 
dorsal  cup  generally  ornamented  with  striae  passing  from  plate  to  plate.  B three, 
equal,  forming  a hexagon.  Three  of  the  li  six-sided,  generally  higher  than 
wide ; the  posterior  pair  heptagonal.  First  costals  nearly  as  high  as  wide ; 
second  costals  axillary,  supporting  both  distichals  and  palmars,  and  frequently 
higher  orders  of  lirachials.  Ill  very  numerous,  passing  insensibly  into  the 
tegmen  ; anus  sub-central,  and  borne  at  the  end  of  a large,  strong  anal  tube. 
Arms  biserial ; not  bifurcating  in  their  free  state,  or  rarely  so ; and  gi^•en  off 
in  clusters  from  lateral  expansions  of  the  calyx.  Pinnules  long,  slender,  and 
laterally  in  contact.  Column  long,  round ; its  joints  frequently  sharply  edged, 
and  with  striated  upper  and  lower  faces.  Abundant  in  Sub-Carboniferous  of 
North  America  and  Europe. 

Cactocrinus,  W.  and  Sp.  Like  the  preceding,  except  that  the  arms  form  a 
continuous  ring  around  the  calyx,  and  the  III  of  the  dorsal  cup  are  separated 
from  those  of  the  tegmen.  Sub-Cai'boniferous  ; North  Ameiica. 

Amphoracrinus,  Austin.  Dorsal  cup,  saucer-shaped  oi'  almost  flat;  tegmen 
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highly  elevated.  Anies  heavy  ; liranching  in  the  free  .state.  Anus  liornc  at 

V 


a II 


Kli:.  243. 


Um-lin-toii,  Iowa.  Calyx  will,  fracturo.l  teinneii 
' Nat  na  skeliaon,  ami  tlu'  comvoIuUmI  ,lio,.. stive  organ.  It,  Diagram  of  Don/rrinvs. 

lie  mo  11  M-  I Vn  , will.  imi,r..s.smn,s  of  foo, 1-grooves  («),  eomincting  from  tl.e  arms  to 

llio  moutli  (r,) , OH,  Aiiu.s.  Jj,  Enlarged  i.ortion  of  tl.e  ambniacral  skeleton  (after  Meek  ami  Wortlien). 


tile  end  of  a short,  stout,  spinous  tiihe.  Lower  Suli-Carhoniferoiis ; North 
*Vinerica  and  Kiirope. 

Trleion nui.t,  A\  . and  .Sji.  Anns  closely  crowded,  and  forniing  a hroad  con- 
tinuous Hanging  rim  around  the  caly.v.  Anus  at  the 
upper  end  of  a long  tiihe.  U]iper  Ihiriington  Limestone. 

Sf(';iiniorriirus,  Meek  and  AVorth.  Hiirlington  Lime- 
stone. 

J'lii/.'H'focriiiHs,  .Al.  and  \A  . Arms  crowded  ; the  ariii- 
hases  projecting  in  a rim,  which  is  interrupted  along  the 
interlays.  Anus  in  the  form  of  a circular  ojienlng 
through  the  tegmen.  Lower  Suh-Carhoniferoiis ; North 
-America,  England,  and  Belgium. 

Sfrolj/criniis,  -AI.  and  A\  . Arms  crowded;  the  upper 
part  of  the  dor.sal  cup  jirodiieed  in  an  immense  rim, 
which  is  horizontally  directed,  and  is  comjiosed  of  higher 
orders  of  hrachials.  Tegmen  Hat;  composed  of  innumer- 
alile  minute  pieces.  -Anus  in  the  form  of  an  opening 
through  the  tegmen.  Restricted  to  the  I^pper  Burlington 
Limestone. 


( Ski  tio-\  B.  ) Batoci;  1 nzdak. 


244).  Similar  in  form  to 
without  sculpturing. 


JJatocriuus,  Cassed.  (Fig, 

^Icti.nocrinus,  hut  caly-x 
A'  he.xagonal  or  hejitagonal. 
always  shorter  than  the  ]!, 

Ill.  l of  the  same  size  as  the  H.  Interradials  rarely  more 
than  three,  and  arched  over  hy  the  palmars  and  higher 
hrachials,  when  these  are  present  in  the  calyx,  so  as  to 
he  completely  shut  oH  from  the  plates  of  the  tegmen.  Tegmen  elevated;  its 


I'h;.  214. 

lUi  f or  r i ii  If  s jt  1/  r i fo  r iii  is, 
^>limu:ir<l  sp.  Sub-CarboiiitVr- 
■ »u.s:  J}urliii;^t()n,  Iowa.  Nat. 
size  (attrr  Meek  ami  Wortlien). 


First  costals  ijuadrangular, 
and  transversely  arranged. 
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plates  heavy,  and  more  or  less  turgid.  Anal  tube  nearly  central,  l ery  long,  and 
gradually  tapering.  Arms  simple,  liiserial,  and  very  short.  Confined  to  the 
Sub-Carboniferous  of  North  America.  Type — B.  kusidadiflus,  Cassed. 

Erdmocrinus,  Lyon  and  Cassed.  Like  the  preceding,  Imt  the  lit  of  the 
dorsal  cup  continuous  with  those  of  the  tegmen,  and  arms  nearly  tAvice  as  long  ; 
their  upper  portions  much  Avider,  spatulate,  and  folded  iiiAvai'd.  Anal  tulie 
shorter  than  in  Batocrinus,  and  often  lient  abruptly  to  one  siile.  Sub-Car)  >oni- 
ferous ; North  America. 

Ihmjcrimis,  Koeni.  (Fig.  245).  Calyx  liroadly  turbinate  or  suli-gioliose, 
truncate  at  the  base,  and  deeply  sinuate  in  all  the  interradial  areas,  but  chiefly 
so  in  the  posterior  one.  Plates  of  the  dorsal  cup  smooth  or  corrugated,  but  not 
striated,  and  all  more  or  less  convex.  Tegmen  strongly  conve.x,  composed  of 
moderately  heaA-y  jilates.  Orals  five,  large ; the  posterior  one  nodose,  or  more 
frequently  extended  into  a long  spine,  and  occupying  a central  position. 
Surrounding  these  and  overlying  the  ambulacra  are  five  other  spinous  or  nodose 
plates,  Avhich  are  separated  liy  interradial  pieces.  Anus  lateral  in  iiositiom  and 


P'lG.  24o. 


Dori/crinus  ijuinqurlohiis,  Hall,  var. 
iiitennediiis,  M.  ami  W.  Sub-Carbon- 
iferous ; Burlington,  Iowa.  Calyx 
viewed  from  the  anal  side.  Natural 
size  (after  Meek  ainl  Worthen). 


Fj<;.  240. 


h 


(I,  Hahvorriiiua  ri.nntns,  Ang.  Silurian  : (lultland, 
Tegmen  viewed  from  the  anal  side.  Natural  size  ; 
h,  H.  oriiotKS,  Ang.  Tegmen  showing  eovering 
pieces  of  the  ambulacra  (after  Angelin). 


not  extended  into  a tul)C.  Arm  ojienings  twelve  to  tAventy ; the  arm-bearing 
plates  protuberant.  Devonian;  Eifel.  LoAver  Sub-Carboniferous;  North 
America. 

Agiiricocrinus,  Troost  (Fig.  231).  Calyx  much  dejiressed  ; basal  disk  flat  or 
slightly  concave.  B supporting  two  primary  Br,  Avhich  are  folloAved  by  short 
distichals,  and  in  rays  Avith  more  than  tAVo  arms,  by  still  shorter  palmars.  lit 
of  the  dorsal  cup  rarely  more  than  four  ; those  of  the  tegmen  numerous,  esjiecially 
at  the  anal  side.  Tegmen  high,  pyramidal ; the  upper  end  occupied  by  a 
massive,  button-shaped,  central  piece,  Avhich  is  surrounded  by  four  similar,  but 
slightly  smaller  plates  ; these  constituting  together  the  orals.  Confined  to  the 
Sub-Carboniferous  of  North  America.  A.  Americanii^,  Roem.  sp.  ; A.  pentagvnus, 
Hall. 

AHopromlociinas,  Lyon  and  Cass.  WarsaAv  Limestone. 

Hubrociinm,  Ang.  (Fionocrinus,  Ang.;  Caqwcriiius,  MfilL),  (Fig.  246).  B three, 
equal.  Costals  2x5;  the  distichals  supporting  the  arms.  lit  A Aery  large, 
and  folloAved  by  numerous  lit,  arranged  in  roAvs  of  two  or  three  iilates.  Arms 
uniserial,  long,  heavy,  and  simple  throughout.  Silurian  ; (Tottland  and  England. 
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[The  genus  Curjiucrinus  wiis  (lescril)ed  ])y  ^liiller  as  liaving  no  anal  plate  ; 
lint  accoi'ding  to  Angelin  the  type-species  {C.  simjdKf)  has  an  IRA  interposed 
l)etween  the  I'adials.  It  must  therefore  he  referred  to  Jlahro- 
crimts,  ■which  it  i-esemhles  in  all  othei’  respects.] 

De^mulocrinm,  Ang.  (Fig.  247).  Like  the  preceding,  hnt 
with  a greater  munher  of  aims,  which  are  longer,  and  composed 
of  shorter  joints.  Silurian  ; (lottland. 

Periechorrinuii,  Austin  {(}eocrinui<,  d’Orh.)  Calyx  large,  elon- 
gate, somewhat  urn-shaped,  and  composed  of  thin  plates.  1!  and 
])T’imary  Br  long  and  narrow,  frequently  hearing  a median  longi- 
tudinal ridge.  Distichals  two;  iuterradials  very  numerous,  the 
second  I'ow  comjiosed  of  either  two  or  three  plates.  Plates  of 
the  tegmen  very  small.  Anal  opening  suh-central,  sometimes 
jH'olonged  in  a tulie  composed  of  small,  thin  plates.  Arms 
numei'ous,  slender,  hranching,  hiserial  ; jhnnules  long  and  thin. 
Column  round,  pierced  hy  an  extremely  large  axial  canal. 
Silurian  ; Gottland,  England,  North  America. 

MefiiAoniiiux,  Owen  and  Shum.  Devonian  to  Middle  Suh- 
Carhoniferous ; North  America.  AJi(ir,ocriiiua,  Ang.  Silurian; 
Europe.  GeitiKiencrinuK,  AV.  and  Sp.  Devonian  (Hamilton 
Orou]))  ; North  America. 

Eamily  4.  Barrandeocrinidae.  Angelin. 

Ruse  tiwnocijdic.  Bn^nh  three,  enclodnfi  an  anal  jdate  which  sapporfs  three  inter- 
raiJials.  Arms  hiserial,  recumhent ; jhnmiles  exposed,  and  directed  upwards.  Silu- 
rian ; Cottland. 

Bar  rami  ear  rinus,  Ang.  I!  followed  hy  two  costals  ; the  upjter  ones  giving  off 

two  heavy  arms,  which  in  ])crfect  specimens  are  so  closely  folded  as  to  conceal 
the  calyx  completely.  Pinnules  very  long;  their  tips  hending  inward  from 
opposite  .sides.  Column  cylindrical,  and  very  heavy ; axial  canal  circular. 
Silurian  ; Crottland. 

[This  genus  is  referred  hy  Wachsmuth  and  Spilnger  to  the  Batoerinidae 
and  the  family  discontinued.] 

Family  5.  Reteocrinidae.  AVachsinnlli  and  Springer. 

Momajcdic  or  dicuclie.  Infrahastds,  when  present,  five  ; has(ds  four  to  fire.  Badials 
.separated  taj  a tareje  IBA  which  supports  a vertical  row  if  higher  anals  all  of  7ienrh/ 
the  same  .size  ; the  upper  ones  passinij  ;iradaalli/  into  the  tegmen.  The  spaces  to  either 
side  of  this  row,  as  well  as  the  whole  of  the  four  other  interrags,  both  in  the  dorsal  cup 
and  tegmen,  pared  ivith  minute,  irregntarhj  formed  pieces.  Oi'dovician. 

Iteteocrinns,  Hill.  Calyx  ohcom’cal ; interradial  and  intoraxillary  areas 
profoundly  depre.sscd.  IJl  five,  differing  considerahly  in  .size.  B five,  large,  pro- 
tuheraut,  hexagonal.  B and  fixed  hrachials  forming  a hroad,  highly  elevated 
ridge,  which  passes  in.sensihly  into  the  arms.  IB  in  contact  with  the  B,  and 
consisting  of  a large  numher  of  minute,  irregular  pieces.  Tegmen  composed  of 
numerous,  very  small,  convex  plates,  irregularly  arranged.  Arms  with  strong 
pinnules,  and  hranching  in  the  free  state.  Column  sub-jientagonal.  Ordovician  ; 
North  America. 


Itesm  i liar  ri  u u a 
hctennhirtiiUiti,  Anj^. 
Silurian  ; (lOttlaml. 
Natural  sizt*  (:ifter 
Angelin). 
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Xenucrinus,  S.  A.  Miller.  IB  obsolete ; B four ; column  (lunrlraugulai'. 
Otherwise  resemliliiig  Beteocrinus.  Ordovician  ; North  America. 

Family  6.  Thysanocrinidae.  'Waclismuth  and  Springer. 

{Ghjpfocrimdae,  p]i.  Zittel ; GhiptuBeridne,  Angelin.) 

Bam  dicycUc.  Badials  laterally  in  contact,  except  at  the  posterior  side,  vliere  they 
are  separated  by  an  and  plate.  This  is  followed  by  several  rows  of  interradials, 
between  which  additional  unals  are  interposed.  Ordovician  and  Silurian. 

[fThysanocrinidae  ivas  substituted  by  Mb  and  Sp.  as  a family  name,  on  dis- 
covering the  identity  between  Ghjptaster,  Dimerocrinus,  Eucriims,  and  Thysano- 
ennus.  The  last-named  genus  is  entitled  to  priority,  from  l)eing  the  first  to 
have  received  a toleralily  accurate  descrijition.  Gl yptocrinus.  Hall,  and  Btelidio- 

crinus,  Ang.,  are  removed  to  the  Melocrinidae.] 

Thysanocrinus,  Hall  {Glyptaster,  Hall  ; Dimerocrinns,  Phill.  ; Eucrinus,  Ang.) 
Calyx  deep.  IRA  followed  Ijy  three  plates.  Arms  ten  to  twenty,  biserial. 
Silurian  (Niagara  Group) ; North  America,  England,  Gottland. 

Hyptiocrinus,  Xh . and  Sp.  Dorsal  cup  saucer-shaped,  almost  Hat ; the  larger 
plates  of  the  tegmen  spiniferous.  Arms  pendent.  Niagara  Gi'oup ; North 
America. 

Ptychocrinus,  AV.  and  Sp.  Like  Thysanocrinus,  but  arms  uniserial.  Ordovician ; 
North  America. 

Idiocrinus,  AV.  and  Sp.  IR  represented  by  a single  large  interbrachial  in 
each  of  the  interrays;  that  of  the  posterior  side  resting  upon /i/H.  Niagara 
Group;  North  America. 

Spyridiocrinus,  Oehlert.  Devonian  ; Saint  Malo,  France. 

Lamptcrocrinus,  Koem.  lake  Thysanocrinus,  but  having  an  anal  tube  ; IRA 
large,  and  succeeded  by  three  longitudinal  I'ows  of  IR.  Silurian  (Niagara 
Group) ; North  America. 

Orthocrinus,  Jaekel.  Devonian;  Ehineland. 

Family  7.  Rhodocrinidae.  Roemer. 

Base  dicycUc.  Infrabasds  five ; basuls  five,  pentagonal,  truncated  at  the  iipjier  end. 
The  radials  separated  idl  around  by  large  interradids.  Anal  area  but  very  slightly, 
often  not  at  all  different  from  those  of  the  other  interrays.  'The  rays  generally  free 
above  the  distichals ; primary  arms  rarely  more  than  ten,  and  either  simple  or  branching. 
Pinnules  long  and  closely  abutting.  Ordovician  to  Sub-Carlioniferous. 

Rhodocrintis,  Miller  {Acanthocrinns,  Roeni.)  Calyx  small,  composed  of  delicate 
plates.  IB  frequently  hidden  by  the  column.  B and  IR  large ; the  latter 
rapidly  decreasing  in  size  upward.  Rays  free  from  the  distichals  upward,  and 
the  ten  primary  arms  branching  once  or  oftener  in  the  free  state.  Arms  biserial, 
thin,  and  moderately  short;  pinnules  closely  crowded,  long,  and  slender.  Column 
round  ; a.xial  canal  stelliform.  Ordovician  to  Middle  Sub-Carboniferous  ; Pkirope 
and  North  America. 

Archaeocrinus,  AV.  and  Sp.  Calyx  obovate.  IR  numerous,  and  enclosing 
a supplementary  anal  in  the  second  or  third  row.  Interdistichals  generally 
present.  Arms  uniserial,  branching.  Ordovician  ; Canada. 

Rhaphanocrinus,  Vi.  and  Sp.  Like  the  preceding,  l)ut  with  large  IB, 
which  are  exposed  in  a side  vieiv.  Arms  long,  simple,  and  uniserial.  Ordo- 
vician ; Ohio  and  Indiana. 
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Olldn-iniis,  Cumlieil.  {(Jilhertaocriiais,  Pliill.  ; Ooniaderoidornnus,  Lyon  and 
Casscd. ) Agreeing  -u  itli  Hhodocrinus  in  the  strnctnre  of  the  calyx  heloM’  the 
arms,  lint  readily  distinguished  hy  the  so-called  psendohrachial  appendages, 
I j,  and  hy  the  size  and  disposi- 

tion of  the  arms.  Above 
each  distichal  is  a round 
amhnlacral  opening  (ten  in 
all),  through  which  the  am- 
linlacra  of  the  arms  conduct 
into  the  calyx.  Fi'om  ahoie 
each  of  these  openings  sjiring 
two  tufts  of  small,  hranching, 
pinnule-bearing  arms.  These 
are  either  folded  over  the 
tegnien,  oi'  they  bend  down- 
wards with  the  ^■entI■al  side 
exposed  to  view,  the  jiinnnles 
being  dii  ccted  upwards.  Ten 
tubular  appendages  extend 
outwards  and  downwards 
from  the  upper  margin  of 
the  calyx.  In  the  American 
species  these  are  united  later- 
ally in  pairs  for  some  dis- 
tance ; but  in  the  European 
ones  they  are  sepai-ated.  One  species  in  the  Hamilton  Oi’oup  of  New  York; 
the  lemainder  Sub-Carboniferous  ; North  America  and  Piurojie. 

Hall.  Calyx  depressed;  plates  smooth  oi-  finely  granulose. 
Tegmen  almost  Hat,  composed  of  a large  number  of  small  jilatcs.  Anus 
eccentric;  not  extended  in  an  anal  tube.  ^\rms  ten,  strong,  simjile,  bisci'ial. 
Confined  to  the  Niagara  Oioup  of  North  Amen’ca. 

L'liijiidorriniis,  Leyrich  (Fig.  ’J4S).  Calyx  cup-  or  uiii-shapcd,  with  a more 
or  less  Hattened  or  conca\  (!  base.  Plates  of  the  dorsal  cu])  heavy,  and  highly 
ornamented.  IJ>  ti\  e,  small,  forming  a ])i‘ntagon.  J>  five,  etpial  ; 11  and 
axillarv  costals  ])entagonal.  Fii'st  IH  huge,  hcptagonal.  Tegmen  low,  com- 


1‘*h;.  J4.S. 

J!h  I f>i(lorri  inia  nriwlns,  (ioMf,  sp.  Devonian;  ( Jertjlsleiii,  Kil'el. 
A.  Perfect  crown,  of  tlu-  natural  size  (after  Scliullzc).  Ji,  1V;;nien. 
witli  eccentric  anus.  Interior  view  of  tin*  base,  sliowinj,?  the  live 
//>,  two  of  the  ]!,  aii'l  one  Jl.  J),  (‘olunm.  E,  Pace  of  stem-joint. 


posed  of  an  immense  number  of  small 
ment  ; anus  eccenti  ie.  Arms  m\en 


thick  plates,  ii'i'egular  in  their 
off  from  calycular  appendages,  and 


com])osed  of  wide  transvei'se  ])ieces,  which  bcai'  at  intenals  on  alternate  sides 
biserial,  pinnule-bearing  armlets.  Column  I'ound,  heavy  ; axial  canal  pentalo- 
bate.  11.  ri'en(dn.'<,  (loldf.  sp.  Middle  J)cA'onian;  Eifcl. 

Tluilacorriinis,  Oehlert.  Kesembling  L;/rion  iints,)mt  the  calyx  moi'C  elongate. 
Ill  and  interdisticlnds  jirofusely  developed.  Arms  numerous,  heavy,  bisci'ial, 
not  bi'anching  in  the  free  state.  Devonian  ; France  and  North  America. 

J>i(iiiieiiorriiiiis,  Oehlert.  Devonian;  Manche  (P'rance)  and  Germany. 


Family  8.  Melocrinidae.  Zittel  (emeiid.  AV.  and  Sj).) 

yp'se  nwnori/clic.  Bas^nls  tJiire  fo  Jire ; radkds  laterally  ia  cuntacf,  not  endosiny 
an  anal  plate.  Jnterhrurhuds  frequently  separated  by  suppleinentary  anals.  Ordo- 
vician to  Devonian. 
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Melocrims,  Goldf.  {Ctemcriima,  Broun),  (Fig.  249).  Culyx  pyiiform  or 
melon-shaped,  highly  ornamented  with  radiating  ridges  or  small  nodules.  B 
four  ; li  hexagonal  j IR  numerous  ; those  of  the  posterior  interray  enclosing  one 
or  more  supplementary  anals.  Tegmen  formed  by  I'elatively  large,  asym- 
metrical orals.  Anal  aperture  eccentric,  rarely  extended  in  a small  tube. 
Distichals  of  the  same  I'ay  later- 
ally united,  either  as  far  as  the 
full  length  of  the  arms,  or  only 
for  a short  distance.  They  form 
in  all  five  free  calycular  append- 
ages, composed  of  single  joints. 

From  the  outer  sides  of  these 
appendages  biserial,  pinnule-bear- 
ing arms  are  given  off  at  intervals 
in  a lateral  direction.  Column 
I'ound ; axial  canal  small,  round, 
or  obtusely  pentagonal.  Silurian 
and  Devonian ; Europe  and  N.  A. 

Technocriims,  Hall.  Like  Mclo- 
crinus,  but  having  sti'ong,  simple, 
uniserial  arms,  which  do  not  bifui  - 
cate  in  the  free  state.  Interbrach- 
ials  not  enclosing  supplementary 
anals.  Oriskany ; Maryland. 

Mariacrinus,  Hall  (emend.  W. 
and  Sp.)  B four.  Arms  biserial, 
and  given  off  directly  from  the 
calyx  in  an  oblique  direction. 

Surface  ornamentation  like  Glyjjfo- 
crinus  ; othenvise  resembling  d/e/ccrdncs.  Silurian;  Europe  and  North  America. 

Conjinhoainus,  Ang.  {Folypeltes,  Ang.)  Dorsal  cup  strictly  pentameroiis. 
B four,  forming  an  inverted  cup,  and  hidden  lieneath  the  column.  InterbrachiaLs 
large,  not  enclosing  anal  plates.  Arms  Inserial,  dichotomous,  and  closely 
apposed.  Silurian  ; England  and  Gottland. 

[The  geniLS  Folypeltes,  Ang.,  is  shown  by  M'ac'hsmuth  and  Springer  to  have  been 
founded  upon  erroneous  observations,  F.  (jranulatus,  Ang.,  being  certainly  a niulti- 
brachiate  Corymbocrinus,  in  which  the  B and  R are  concealed  in  the  inverted  cup  of 
the  base.  The  family  Polypdtidae,  wliicli  was  establi.shed  by  Angelin  for  the  recep- 
tion of  this  genus,  is  therefore  discontinued.] 

Fatelliocrinag,  Angelin  (Fig.  242).  Silurian  ; Gottland. 

Scyphucriims,  Zenker.  Calyx  very  large  and  elongate.  Symmetry  of  dorsal 
cup  slightly  disturbed  by  anals  which  are  interposed  betAveen  the  interbrachials. 
B four ; distichals  five  or  more  ; the  lower  palmars  incorporated  in  the  calyx,  the 
upper  ones  free.  Interbrachials  very  numerous.  Arms  biserial,  long,  liranch- 
ing.  Silurian ; Bohemia. 

Glyptocriims,  Hall  (Fig.  2.50).  Dorsal  cup  obconical  to  suli-gloliose,  orna- 
mented with  radiating  stiiae  passing  from  plate  to  plate  ; the  eleA'ations 
following  the  rays  more  pronounced,  and  forming  Avell-defined  rounded  ridges, 
which  meet  imperceptildy  ivith  the  free  arm-plates.  B five  ; intei  brachials  very 


A 


Fii). 


Ctcnocri nu'i  tiipiis,  13i‘onn.  Devonian  (.Spiviferen-JSandstein) : 
Daiin,  Eifel.  Ji,  Dasals.  Mould  of  slHin-joints  (the  so*calle<l 
“ Scliraubensteine  ”). 
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numerous,  aiul  enclosing  supplementary  anals,  which  sometimes  form  a con- 
tinuous series.  There  are  also  numerous  interdistichals,  and  frecpiently 
interpalmars,  which  form  conspicuous  depressions  hetwecn  the  arm -plates. 
Tegmen  low,  composed  of  minute  irregular  pieces ; anus  eccentric.  Arms  ten 
to  twenty,  branching  in  the  free  state,  long,  slender,  and 
uniserial.  Column  round,  or  exceptionally  pentangular. 


‘ Oidovician  ; North  America. 


tegmen  a 


SleUdiocrinus  Aug.  {Jlannocrinus, 


Ang.) 


Foi'in  of  dorsal 


Kio.  2'jO. 

f'lbiptorrln  us  tlp.ra- 
iladtjlus.  Hall.  Onlo- 
vician  (Hmlsnii  River 
Group)  ; Cincinnati, 
Ohio.  Natural  size. 


in  the  iireceding,  but  the  IR  fe\ver  and  much  larger, 
ates  generally  without  ornamentation.  I’lates  of  the 
also  comparatively  large.  Arms  uniscrial,  sometimes 
interlocking.  Sihuian  ; Europe  and  North  America. 

Mucrostf/locrinas,  Hall.  R three,  unequal.  Anal  interradius 
much  wider  than  the  others  ; its  first  I'ow  of  HI  consisting  of 
two  interlirachials  separated  by  a supplementary  anal.  The 
first  row  in  the  four  other  interrays  consisting  of  a single 
interbrachial.  Arms  ten,  simple,  and  bi.serial.  Silurian;  North 
America. 

^lllocriniis,  W.  and  Sp.  11  tlii'cc,  uncipial.  Interlwachials 
few,  longitudinally  arranged.  Arms  uniserial.  Silui'ian  ; North  America. 

Jhlalocrbvis,  Lyon  {Camborriints,  Hall).  Dorsal  cup  perfectly  pentamer- 
ous,  cu])-.shapcd  or  saucer-shaped.  11  primitively  tlu'ce,  but  completely 
anchvloscd  in  the  adult.  Costals  two ; interbrachials  few,  the  first  ones 
e.xtremely  large.  Tegmen  coni])aratively  hat,  and  composed  of  rather  lai'ge 
plates,  of  which  the  orals  form  the  summit.  Anus  at  the  end  of  a short  tube. 
Arms  biscrial  ; generally  branching.  Devonian ; North 
iVmerica. 

,Sfe/r(/i:ri)iii.%  Harris.  Like  the  jireceding,  but  the 
anchylosis  of  the  11  incomj)lete,  and  with  only  one  costal. 

Hamilton  (tiouj)  ; North  Amei’ica. 

Family  9.  Calyptocrinidae.  Angelin. 

llufir.  iiioiton/dic.  Lower  hruchiuls  and  iiderbrarliials  form- 
inr/  an  iinjior/ant  jxirt  of  the  dnrs(d  ciiji,  uliich  is  ]>erfecfhj  penla- 
iiierons.  Plates  of  the  cahj.r,  limited  to  a definite  nuintwr. 

11a  sals  fmr  ; radial  s Jive,  in  rnuturt  edl  around  ; costals  2x5; 
disticlads  two;  ami  p(dmars  2 x 10,  of  simdl  size.  yfnns 
twentjf,  restin//  in,  ramparlments  formed  Inj  partilions  attached 
to  the  tej/moi.  Sihu  ian  and  Devonian. 

Riirali/iitorriniis,  (Joldf.  (Figs.  2.')1,  2.o2).  Calyx  with  a 
deep  conca\  ity  at  the  lower  end,  the  11  forming  the  bottom, 
and  the  R the  sides  of  an  inverted  cup.  Sujiplementary 
pieces  of  the  calyx  consi.sting  of  1x2  interbrachials,  and 
one  interdistichal ; the  lattci-  of  the  same  form  as  the  inter- 
brachials, and  nearly  as  large  as  the  two  ujipcr  ones 
combined.  Tegmen  elongate,  its  u])per  ])art  extended 
to  form  a tube.  It  is  composed  of  live  ranges  of  plate.s,  of  which  the  two 
middle  ones  are  the  least  regular  in  their  arrangement,  and  the  upper  one 
closes  the  centre.  Attached  to  the  outer  walls  of  the  tegmen,  and  extend- 


Fig.  261. 

Eumbjjitocnnus  rrffularis, 
llisiiij?.  sp.  Silurian; 
Gottlaml.  Crown  with 
arms  itiijovchI  from  one 
ray  in  order  to  show  tlie 
niches  in  which  tliey 
repose. 
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D 

ir-  i-lr*  iiit.dist. 


iiig  to  its  top,  are  ten  partitions  supported  by  the  interbrachials  and  inter- 

c 


ii'i  ; 1-1  1-  : ii'i 
dist.i  dista 


Fig.  252. 


Euca.Iiiptocriniis  rosacciis,  Goldfu.ss.  Devonian;  Gerolstein,  Eifel.  A,  Perfect  crown.  C,  Diagrammatic 
longitudinal  section  of  the  calyx  (b,  Basals  ; ri,  Radials  ; F-,  First  costals  ; y,  Lower,  ami  6,  upper  ])iece  (tf  the 
wingdike  processes).  C,  legmen.  ]>,  Dor.sal  cup  (ri,  Radials;  r-,  First  costals;  ir,  Interradials ; didt.,  Dis- 
tichals  ; int.  (list.,  Interbrachials,  after  L.  Sclmltze). 


disticlials,  which  form  deep,  A'ertical  compartments  for  the  reception  of  two 
arms  each.  Arms  twenty,  biserial ; composed  of  very  narrow  pieces.  Column 
round.  Silurian;  Gottland, 

England  (Wenlock  Lime- 
stone), and  North  America 
(Niagara  Group).  A single 
species  occurs  in  the  De- 
vonian of  the  Eifel. 

CaUicrinus,  Ang.  (Fig. 

25.3).  Calyx  flask-shaped  ; 
concavity  at  the  liase  deeper 
and  wider  than  in  the  pre- 
ceding, sometimes  invoh’- 
iiig  not  only  the  radials, 
but  parts  of  the  costals  as 
well.  Partitions  for  the 
reception  of  the  arms  much 
shorter,  extending  to  less 
than  half  the  height  of  the 
arms.  Otherwise  similar  to  Eumli/ptocriiiHS,  and  sharing  the  same  distribution. 

Hypanthocrinus,  Phill.  Probalily  identical  with  Eucalyptocrintis  (Fig.  251). 

Family  10.  Crotalocrinidae.  Angelin  (emend.  “W.  and  Sp.) 

Base  dicydic.  Dorsal  cup  composed  of  five  infralasals,  fire  basals,  five  radials, 
an  anal  plate,  and  the  lower  hrachiuls,  ichich  are  laterally  in  contact.  Upper  edges  of 
radials  more  or  less  excavated.  Tegmenfiat  or  but  sligh  tly  elevated ; its  plates  immovably 


-I  11  c 


Fig.  203. 


CaUicrinus  costafus,  Hising.  sp.  Silurian;  Gottland.  A,  Crown. 
B,  Calyx  showing  the  con.struction  of  the  teginen.  C,  Inner  or  ventral 
aspect  of  the  base.  Z>,  (Jntev  or  dorsal  aspect  of  the  same.  Natural 
size  (after  Angelin). 
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miited  bi/ sutures.  Onils  as)jmmetrirul ; ambulacra  hifurcatinrj  onre  or  twice  tcith hi 
the  cahj:r,  and  roofed  bj/ two  rows  of  venj  rcgularhj  arranrfed  covering  ineces ; a few 
hiterarnbitlacrals  also  gjresent.  Anus  eccentric,  g^^oced  at  the  end  cf  a tube.  Arms 
uniserial,  dichotomising  at  short  intervals  throughoid  their  entire  length.  Pinnules 
iinl'iwum.  Column  round,  strong,  the  distal  end  formed  into  a thick  root.  Silurian. 

Tlii.s  family  embraces  the  genera  Crotalocrinus,  Austin  {Anthocrinus,  Miiller), 
(Phg.  254),  and  Enallocrinus,  d’Orh.,  hoth  of  which  are  found  in  the  Silurian  of 
(k)ttland  and  England. 

The  ai'ms  of  the  same  ray  are  laterally  united  in  Crotalocrinus  throughout 


.1  r 


J! 

Kig.  ‘2-')4. 


J,  Crotnlncrin  Its  jwh-hr,  Hising.  {Authorrinns  Lovf'ui,  Milllei-).  Silurian;  Gottlainl.  Crown  with  folfle«l 
arms.  B,  I’orlion  of  stem.  C,  Cross-section  of  four  contiguous  arm-ossicles  of  tlie  network.  />,  Dorsal  aspect 
of  arm-]ilates,  showiiig  tlieir  intimate  union  ; those  above,  the  two  rows  liguretl  have  been  bnjken  away  so  as  to 
expose  the  siile-i>ieces  ami  covering  plates  (jf  tlie  ambulacral  furrows.  Tegmen  of  C.  ritffosus,  Miller  (after 
Angelin). 


their  entire  length,  .so  as  to  resemhlc  five  broad,  reticulate  leaflets;  while  those 
of  Emdlocrinus  are  united  for  a certain  distance  only,  and  then  become  free. 
The  arms  in  both  forms  were  capable  of  being  stretched  out  horizontally  on  the 
same  level  with  the  tegmen. 


Order  3.  FISTULATA.  Wachsmuth  and  Springer. 

(Inadunata  fistulata,  W.  and  Sp.  ; Cgathocrinacea,  Xeumayi'.) 

All  'p^Aes  of  the  dorsal  cup  united  bg  close  suture.  Itadials  bisected  or  simple. 
Anal  gilnte  {IE A)  generalhj,  and  radiamd  (EA)  frerpientlg  represented  ; the  former 
resting  upton  the  truncated  upper  face  of  the  posterior  basal,  the  latter  situated  to  the 
right  of  the  lEA,  and  within  the  angle  formed  by  the  posterior  and  posterodateral 
basals.  Intemidials  propter  not  represented.  Tegmen  greatly  extended  at  the  posterior 
side  to  form  an  elongate  or  b(dloon-shaped  sac.  Ambulacra  tegminal,  lined  by  side- 
pdutes,  and  roofed  over  by  small  covering  pieces.  Mouth  eccentric  and  subtegminal. 
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usiKxlli/  surrounded  by  five  orals.  Arms  free  from  the  radials  ujncard ; uniserial,  or 
exceptionally  hiserial.  Pinmdes  present  or  absent.  Ordovician  to  Trias. 

The  Fistulata  are  characterised  by  an  enormons  development  of  the  posterior 
interradins,  which  is  extended  upward  so  as  to  form  a large  ventral  sac  or  tube. 
The  plates  of  this  sac  are  in  some  cases  perforated  by  small,  round,  or  slit-like 
pores  ^respiratory  pores) ; while  in  others  the  pores  are  replaced  by  supei'ficial 
pits.  In  the  latter  forms,  a large,  profusely  perforated  plate  (madreparite)  is 
interposed  on  the  disk  proper  between  the  sac  and  the  mouth. 

The  position  of  the  anus,  as  ol)served  by  Wachsmuth  and  Springer,  is  at 
the  side  of  the  sac  nearest  the  mouth ; or  it 
pierces  the  disk  proper  between  the  sac  and 
the  mouth. 

The  radials  iu  some  families  of  the  Fistulata 
are  transversely  bisected  in  one,  two,  or  in  three 
rays.  When  three  of  the  compound  radials  are 
present,  they  are  generally  distriluited  in  the 
right  posterior,  the  anterior,  and  the  left  antero- 
lateral rays ; but  when  only  one  radial  is 
bisected,  it  is  constantly  that  to  the  light  of 
the  anal  area.  The  phases  exhibited  by  the  last-named  plate  in  its  palaeonto- 
logical development  furnish  excellent  differential  characters.  The  superradial, 
or  arm-bearing  portion  of  the  plate,  is  situated  in  the  earlier  foi'ms  directly 
in  line  unth  the  inferradial  or  lower  part  of  the  plate  ; but  in  later  forms 
it  is  pushed  to  the  light  by  the  gradual  increase  in  width  of  the  ^'entral  sac. 
The  inferradial  remains  constant  in  position,  lint  when  supporting  the  sac,  as 
is  usually  the  case  among  the  later  forms,  it  receives  the  name  of  radinnal. 
Primitively,  however,  as  was  shown  fii'st  by  Wachsnuith  and  Sjiiiiiger,  and 
subsequently  by  Carpenter  and  Bather,  the  radianal  represents  the  lower 
portion  of  the  right  posterior  radial ; and  it  has,  therefore,  nothing  in  common 
with  the  anal  plate,  u'hicli  is  a specialised  interradial. 

Under  the  Fistulata  are  included  the  following  families ; — Ilybocrinidae, 
Anomalocrinidae,  Heterocrinidae,  Belemnocrinidae,  Catillocrinidae,  and  Calceocrinidae, 
comprising  the  monocyclic  forms ; and  Gasterocomidae,  Cyaihocrinidae,  Poterio- 
crinidae  [^Encrinidaefi  and  Agnssizocrinidae  among  the  dicyclic. 


Diagram  showing  arrangement  of  plates 
in  the  dorsal  cup  of  Cromiinrrinus.  ih,  Infra- 
hasals;  Basals;  •/’,  Radials;  rc,  Railianal ; 
r/,  a',  a",  Anal  ami  lower  tube  plates  (after 
Bather). 


Family  1.  Hybocrinidae.  Zittel. 

Base  monocyclic.  Basals  five,  high.  The  right  piosterior  radial  compound : the 
inferradial  supporting  the  ventral  sac  ; the  superradial  e.vtrernely  small  or  undeveloped. 
Ventral  sew  in  its  most  primitive  form,  extending  but  little  above  the  rest  of  the  tegmen. 
Ordovician. 


Hybocrinus,  Billings.  Calyx  cvip-shaped  or  ol)conical.  Inferradial  large, 
angular  above ; supporting  to  the  right  a very  small  superradial,  and  to  the 
left  the  first  tube-plate,  wliich  generally  reseml>les  the  superradial  in  form  and 
size.  B with  a crescent-shaped  facet.  Aims  simple,  devoid  of  pinnules,  and 
composed  of  quadrangular  joints.  Ordovician  ; Canada,  Kentucky,  and 
Tennessee. 

Hoplocrinus,  Grewiugk  (Fig.  256).  Like  the  ^^''^ceding,  l>ut  with  the 
inferradial  sloping  only  to  the  right,  and  supporting  a small,  trigonal  super- 
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Fig.  2.5«*. 

JfOjilocrhiKs  dl- 
jtnitfis,  Grewiiij^k. 
Ordovician  ; .St. 
Petcrsbur;;.  Calyx 
seen  Iroin  tlie  anal 
side  (after  Grc* 
wingk). 


the  left  it  supports  small  plates  of  the  l entral  .sac,  without  the 
iiiterveutiou  of  a larger  plate.  Ordo^■iciau  ; St.  I’eter.shurg. 

Ihlhocptes,  Wetherh}’.  Arrangement  of  calycine  plates  the 
same  as  in  IIi/bucriHUS,  hut  differing  in  the  arm  structure. 
Tlu’ee  of  the  rays  hearing  primitive  arms  composed  of  hut 
few  joints;  amhulacral  furrows  passing  from  the  ventral  to 
the  dorsal  side  of  the  arms,  and  continued  upon  the  surface 
of  the  1‘.  The  two  other  rays  are  without  anus,  and  the 
aml)ulacra  follow  the  surface  of  the  calyx,  passing  down  so 
far  as  to  enter  the  hasals.  Ordo\  ician  ; Kentucky. 

B(ieroaii(U!>,  Volhorth.  Like  llojilorriiuis,  hut  the  right 
posterior  and  the  anterior  ray  without  arms ; apjmrently 
inferradials  oidy  are  developed.  OrdoA'ician  ; St.  Petershurg. 


Eainily  2.  Anomalocrinidae.  Waclisniutli  and  Springer. 

Base  monocijclir.  Endinh  ver;i  iri'criular  in  form,  the  right  posterior  and  left 
(iidero-lutmd  ones  comp>ound,  (dl  of  them  luteralhj  in  contact.  I'entnd  sac  small, 
tuhnlar  ; its  lowertnost  plate  resting  in  the  angle  fmned  hg  the  superradial  to  the  right, 
(And  the  upper  end  of  the  simple  radud  to  the  left.  Arms  nniserkd,  bifurcating  at 
udervuls.  Bimudes  or  small  armlets  giren  off  from  each  arm-joint  on  one  side  only, 
as  far  as  from  one  bifurcation  to  the  next,  when  they  change  to  the  ojtposite  side. 
Ordovician. 

Anornalocrinus,  ]\r.  and  AV.  B five.  L"ni(pie  in  that  the  large  simple  //  of 
the  posterior  ray  is  often  longitudinally  hisected  in  the  median  lino.  A .small 
(piadrangulai'  sujiplementary  piece  enclosed  within  the  hasal  ring.  Tcgmen 
comjxjsed  of  large  plates.  Column  strong.  Oi'dovician ; North  America. 


Eaniily  .3.  Heterocrinidae.  Zittel  (enieiul.  AV.  and  Sp.) 

Base  monocj/fdic ; hasals  fee  ; one  or  more  of  the  r ad  ials  compound.  TJlc  infer- 
radial  cf  tJ(e  right  posterior  ray  support  in;/  to  the  right  the  .superradial,  and  to  the  left 
the  central  sac.  finals  absent.  Arms  uni.serial.  Ordovician  and  Silurian. 

Jleterocrinus,  Hall  (.S7c//nt'r//o/.5,  AAh  and  Sp.)  Croivn  .sui)-cylindrical,  calyx 
.small,  arms  long.  Three  of  the  R compound  ; the  others  simple,  and  shorter. 
The  inferradial  of  the  ])osterior  ray  has  the  form  of  an  axillary,  su[>porting  to 
the  left  the  ventral  .sac,  and  to  the  right  the  superradial.  Arms  comparatively 
stout,  giiing  off  long  Iwanchlets  at  intervals,  which  often  l»ranch  again. 
Column  very  large,  ])cntagonal,  and  quincpiepaidite  ; the  lines  of  suture  inter- 
radial  in  position.  Ordox  ician  ; North  America. 

Ectenocrinus,  S.  A.  idiller  (Ueterocrinus,  AA'.  and  Sp.  non  Hall).  Like  the 
preceding,  Imt  the  arms  formed  of  continuous  sciies  of  .sy/.ygies  comprising  two 
plates  each,  the  epizygals  giving  off  long  annlcts.  Column  of  moderate  size, 
round,  and  tripartite ; axial  canal  large  and  pentalohate.  Oi'dox  ician ; North 
America. 

Ohtocrinus,  AA’.  and  Sj).  Differs  from  Ueterocrinus  in  the  details  of  its  arm- 
structure,  and  in  the  form  of  the  ventral  sac.  Arms  ten,  long,  and  giving  off 
from  every  thiril  or  fourth  joint  long  filiform  armlets,  which  extend  to  the  full 
height  of  the  main  arms.  Vential  tulie  resting  upon  the  left  sloping  side  of 
the  right  posterior  inferradial  (TIA),  and  ascending  spirally  with  the  adjacent 
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convolutions  in  contact.  Column  strong,  obtusely  pentagonal,  and  quiiiquc- 
partite.  Ordovician  ; North  America. 

locrinus,  Hall.  B fii'e,  small ; L‘  five,  the  right  posterior  one  compound. 
The  lower  section  of  the  latter,  which  ser\'es  as  radianal,  nearly  of  the  same 
size  as  the  other  B,  Imt  angular  al)ove  instead  of  concave.  It  supports  the 
superradial  on  the  right,  and  the  ventral  sac  on  the  left;  it  is  so  large  as  to 
e.xtend  considerably  aboi'e  the  level  of  the  other  B,  thus  assuming  the  aspect 
of  an  axillary  lirachial.  Venti'al  sac  composed  at  its  posterior  side  of  a longi- 
tudinal row  of  large,  solid,  elongate  plates ; at  the  other  .sides  of  short,  delicate, 
transverse  pieces;  the  former  plates  l)eing  attached  to  the  BA,  ai-e  easily  mis- 
taken for  arm  ossicles.  Arms  without  pinnules,  branching.  Column  sharply 
pentagonal ; the  angles  radially  disposed.  Ordoidcian  ; North  America. 

Herpetocriims,  Salter  {Myoledadj/Ins,  Hall).  B five,  of  irregular  form  and 
size.  B five,  the  right  posterior  one  horizontally  dii  ided.  Ventral  tube  long 
and  narrow,  and  resting  upon  the  sloping  upper  face  of  the  iid'erradial.  Ar-ms 
non-pinnulate,  branching.  Column  evolute  at  its  upper  end,  and  more  or  less 
round;  involute  and  crescent-shaped  toward  the  terminal  end,  with  large  cirri 
springing  from  the  two  horns  of  the  crescent  ; section  sharply  pentagonal. 
Silurian  ; North  America  and  Europe. 

Family  4.  Belemnocrinidae.  Waclismuth  and  Springer. 

Base  monorydic ; ojlindriail  to  ovoid.  B is  composed  of  large,  elongate, 
irregular  pieces,  and  is  pierced  hji  a small  canal  which  widens  slighfly  at  the  )q)pcr 
end.  Badials  five,  quadrungidar,  and  sepiaruted  posteriorly  hy  a narrow  HBl. 
Ventred  sac  large,  composed  of  hexagonal  plates,  the  angles  of  tchich  are  qierforat&t . 
Arms  long,  giving  off  armlets  cdternately  at  intervcds.  Column  round  or  pentagonal : 
in  the  latter  case  haring  its  angles  radially  directed.  Cirri,  when  present,  interradial 
in  position.  Sub-Carlioniferous. 

Belemnocrinus,  White.  Burlington  Group  ; IMississippi  Abdley. 

Family  5.  Oatillocrinidae.  Wachsmutli  and  Springer. 

Base  monocyclic;  dorsal  cup  sa ucer- shaped ; general  symmetry  of  the  calyx 
greatly  disturbed.  Basuls  irregular  in.  form,  their  'number  uidemncn  ; radials  still 
more  irregular  both,  in  form  and  in  size.  Most  of  the  arms  given  ojf  from  tiro  of 
the  radials,  which  are  sometimes  fire  or  six  times  larger  than  the  other  three  ; they 
are  simple,  quadrangular,  and  rest  ivithin  sriudl  sochets  directly  upon  the  radials. 
Anal  plates  wanting.  Ventral  tube  heavy,  compmed,  of  very  long,  longitudinally 
arranged  crescent-shaqied  pieces,  and  supqmied  directly  by  the  radials  ; if  exhibits  a 
wide  open  groove  along  the  anterior  side,  which  probably  was  covered  by  small 
delicate  plates.  Devonian  and  Sub-Carl)ouiferous. 

Catillocrinus,  Troost.  Crown,  when  the  arms  are  closed,  elongate,  cylindrical. 
Calyx  basin-shaped,  concave  at  the  base,  truncate  at  its  upper  margin.  Basal 
disk  small.  B five  ; those  of  the  two  antero-lateral  rays  fully  six  times  as  wide 
as  the  others,  and  expanding  upwards,  so  as  to  encroach  upon  the  smaller  ones. 
The  larger  B support  twelve  to  sixteen  arms ; the  smaller  ones  rarely  more 
than  one  each.  Sub-Carboniferous  ; North  America. 

Mycocrinus,  Schultze.  Dorsal  cup  mushroom -shaped.  Plates  massive, 
irregular,  and  without  ornamentation.  B two  (according  to  Scludtze),  one  of 
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them  twice  as  lar^e  as  the  other,  and  the  two  forming  a knoh-like  body.  R 
file,  their  inner  eilges  resting  njion  the  angular  margin  of  the  liasal  disk;  they 
spread  broadly  outward  from  the  B,  extending  far  beyond  them.  The  two 
larger  7/ .separated  at  the  po.sterior  .side  by  two  equal  smaller  plates;  and  at 
the  anterior  side  by  a single  plate  having  a (piitc  narrow  upper  face.  M. 
hoJetns,  Schnltze,  a]jparently  with  fifteen  arms;  their  strnctnre  unknown. 
i\Jiddle  Devonian;  Eifel. 

Eaniily  G.  Calceocrinidae.  Meek  and  tVorthen. 

“ Inadanafa  Momcijdira,  in  which  a hilaferal  sj/inrnefn/  along  the  left  anterior 
railiiis  and  right  posterior  interradius  has  been  superinduced  in  conjunction  with 
bending  of  the  crown,  on  the  stem  in  such  a wag  that  the  right  posterior  interrag  lies 
along  the  stem  ; tvith  the  left  arderior,  right  posterior,  and  rigid  anterior  radials  com- 
pound; with  anal  x (IRA)  shifted  over  the  right  posterior  radius,  nsuallg  into  the 
right  posterior  interradius,  and  supporting  a massive  tube;  with  three,  rarelg  four 
arms,  of  which  two  are  as  a rule  peculiarhj  modified  and  bear  armlets  or  pimmbes.” — 
Bather,  The  Crinoidea  of  Cfotland.  Ordovician  to  Sub-Carboniferous. 

Castocrinus,  Kingueberg.  B distinct,  all  entering  into  the  articular  surface 
of  the  stem.  The  right  posterior,  and  right  antero-lateral  superradials 
joined  liy  ill-defined  close  suture,  each  abutting  with  one  side  on  the 
adjacent  lai-ge  simple  R.  The  lower  plate  of  the  tube  supported  by  the 
right  posterior  superradial  oidy,  while  the  right  antero-lateral  superradial 
supjiorts  the  first  brachial  of  the  right  antero-lateral  arm.  The  right  posterior 
and  right  antero-lateral  superradials  separated  from  one  another,  and  also 
from  the  ventral  tube,  by  the  right  posterior  and  right  antero-lateral  R.  Arms 
four.  Ordovician;  North  America.  Type,  C.  furcillatus,  W.  K.  Billings  sp. 

Euchirocrinus,  M.  and  AV.  B unfnsed,  or  perhaiis  sometimes  the  left  pos- 
terior fused  with  the  left  antero-lateral  one.  The  right  posterior  and  right 
antero-lateral  superradials  fused  in  a T-shaped  jhece,  Avhich  abuts  with  either 
wing  on  the  corners  of  the  large  simple  R.  The  right  posterior  and  right 
antero-lateral  inferradials  sejiarated  from  one  another  and  from  the  tube 
by  the  T-piece  ; tube  siqiported  by  the  whole  ujiper  margin  of  the  latter. 
Arms  three.  Ordovician  and  Silurian  ; North  America.  Type,  E.  punctatus, 
Ulrich  sp. 

Calceocrinas  (Hall)  Kingueberg.  Left  posterior  B fused  with  the  left 
antero-lateral  one;  the  fused  jilates  very  rarely  entering  the  stem  articula- 
tion. The  jiosterior  and  right  antero-lateral  B bounded  for  some  distance  by 
the  large  Jl.  T-plate  separated  from  the  large  simple  R by  the  right 
posterior  and  right  antero-lateral  Jl ; it  is  low,  wide,  and  occasionally  very 
small.  Tube  supported  by  the  T-jhece  and  the  two  inferradials  to  the  right, 
but  not  touching  the  two  large  sinnile  radials.  Arms  three.  Silurian  and 
Devoiuan;  Europe  and  America.  Type,  C.  tgpus,  Kingueberg. 

I J(d gsiocrinus  (Ulrich)  Bather.  Jl  as  in  the  preceding,  but  the  fused 
posterior  and  right  antero-lateral  ones  never  entering  into  the  stem  articula- 
tion. T-piece  either  obsolete  or  concealed  between  the  right  jiosterior  and 
right  antero-lateral  inferradials,  ;ind  the  two  large  R in  the  stem  articulation. 
Tul>e  supported  by  the  inferradials  to  the  right,  which  are  in  contact;  and 
abutting  by  its  lower  corners  on  the  two  large  simple  R.  Arms  three.  Bur- 
lington and  Keokuk  Groups  ; Alississippi  Abilley.  Type,  JL  ventrirosus.  Hall  sp. 
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Family  7.  Gasterocomidae.  Wachsmuth  and  Springer. 

Base  diajclic.  Iiifrahasals  anchylosed  into  an  undivided,  disk,  which  is  pierced 
hj  a large  cgmdrilobate  canal.  Badials  large;  arficidar  facets  directed  onfward, 
horseshoe-shaped,  occupying  nearly  the  whole  outer  face  of  the  plates,  and  pierced  lay  a 
large  dorsal  canal.  Anal  opening  low  down,  situated  directly  above  the  anal  flcde  and 
between  two  radials.  Tegmen  composed  of  five  interradials,  five  orals,  and  amlndacral 
plates.  Devonian. 

Gasterocoma,  Goldf.  [Epactocrinus,  Miiller),  (Fig.  257).  Infrabasal  disk 
extending  but  slightly  beyond  the  column  ; surrounded  l)y  five  B,  of  which 
the  posterior  one  is  slightly  truncated. 

Fi  five,  three  of  them  equal,  the  two 
posterior  ones  irregular ; the  latter 
enclose  the  IBA  and  anal  opening, 
which  is  surrounded  by  a few  small 
pieces.  The  arms,  as  indicated  by  the 
character  of  the  radial  facets,  either 
recumbent  or  uddely  divergent.  De- 
vonian ; Eifel. 

Nanocrinus,  Muller.  Similar  to  the 
preceding,  but  only  four  of  the  R 
arm -bearing.  The  right  antero  - lateral  one,  however,  has  two  articular 
facets,  and  evidently  supported  a pair  of  arms  instead  of  a single  one  ; the 
anterior  B is  considerably  smaller,  and  has  no  articular  facet.  Devonian. 

Achradocrinus,  Schultze ; Scoliocrinns,  Jaekel.  Devonian  ; Germany. 

Family  8.  Cyathocrinidae.  Roemer  (emend.  Waclismutli  and  Springer.) 

Base  dicyclic.  Radials  simple  or  compound;  their  upper  edges  furnished  with 
a small  crescent-shaped  facet.  Radials  and  arm-plates  united  by  close  suture,  as  are- 
the  latter  among  each  other.  IRA  usually,  and  RA  occasionally  present.  Tegmen 
with  five  orals  and  a madreporite,  extended  into  a strong  ventral  tube.  The  disk 
ambulacra  resting  on  the  lateral  margins  of  two  large  interradial  plates;  they  are 
lined  by  side-pieces,  and  roofed  over  with  covering  plates.  Anns  without  pinmdes, 
long,  branching,  and  uniserial.  Ordovician  to  Carboniferous. 

Dendrocrinus,  Hall  (?  Ralaeocrinus,  Billings).  Calyx  obconical,  higher  than 
wide,  unsymmetrical.  IB  five,  equal.  B five,  the  largest  plates  in  the 
calyx ; the  posterior  one  truncated  at  its  upper  face,  and  supporting  a large 
anal  jilate.  Four  of  the  if  pentagonal  and  simjile  ; the  right  jiosterior  one 
compound,  with  the  two  parts  vertically  arranged.  IRA  succeeded  by  two 
or  three  plates  which  form  the  base  of  the  ventral  sac,  but  are  partly 
enclosed  in  the  calyx.  Ventral  sac  very  large.  Arms  long  and  branching ; 
column  sharply  pentagonal,  or  sub-pentangular.  A number  of  species  occur 
in  the  Ordovician  of  North  America,  but  only  a single  doubtful  one  known 
from  the  Silurian  (Niagara  Group). 

Homoervnus,  Hall  (Fig.  258).  Like  the  preceding,  except  that  the  arm- 
bearing portion  of  the  right  posterior  radial  is  pushed  over  toward  the  right, 
so  as  to  support,  conjointly  with  the  anal,  the  ventral  sac.  Silurian  ; North 
America.  Devonian ; Rhineland. 

Gastrocrinus  and  Rhadmocrinus,  Jaekel;  Bactrocrinus,  Stein.  Devonian. 


Fig.  257. 

Gasterocoma  antlqua,  Gol»lt’-  Devoiiian  ; Piiim, 
Eifel.  n,  Calyx  seen  from  one  side  ; h,  Anal  aspect ; 
c,  Tegmen.  -/i  (after  L.  Soliultze). 
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Ciiathocrinus,  Miller,  emend.  M . and  Sp.  (Figs.  259,  260).  Dorsal  cup 
cup-shaped,  Inlaterally  symmetrical.  IB  five,  equal.  B large  ; the  posterior 
one  truncated  for  the  support  of  an  anal  plate.  li  five,  all  simple  ; their  uiiper 

faces  provided  with  a facet  occupying  less 
than  the  full  width  of  the  plates.  Ventral 
sac  rarely  extending  to  more  than  one-half 
the  height  of  the  arms.  The  number  of 
costals  extremely  variable  among  the  rays. 
Arms  rather  delicate,  composed  of  elon- 
gate cylindrical  joints,  and  givingoflf  numer- 
ous branches,  most  of  ■which  divide  again. 
Column  round.  Ordovician  to  Sub-Car- 
boniferous; Europe  and  North  America. 

Leriifhurrinus, 
IVIiiller,  emend. 
Zittel  (Figs. 
2 2 5,  2Gl).i 
Like  the  preced- 
ing, except  that 
the  infrabasals 
are  very  small, 
and  entirely 
concealed  by 
the  column. 
Ventral  sac  in 
the  form  of  a 
long  tube,  and 
composed  of 
numerous,  very 
ar- 
hexa- 
plates. 
Column  ob- 
tusely quad- 
rangular, com- 
])osed  of  long 
peripheral  canals. 


Kkj. 

IIo)iUirrhius  curt  ns,  Mull.  sp. 
DeN'onian  ; 8fhrim*(;kc*n,  Eilul. 
ft,  Calyx  tVoiii  the  anal  si«le,  showinj^ 
ventral  .sac  ami  one  arm  (right  and 
lel  t sides  reversed) ; />,  JStem;  »•,  Face 
of  stem-joint  (after  Schultze). 


200. 


'f,  Cifothocrl nvs  lonifnnmtUii,  Ang.  Silurian: 
(rottland.  Crown  of  the  natural  size  (after 
Angelin);  h,  C.  nnnosnsy  Ang.  Portion  of  an 
arm  viewed  from  the  side;  e.  Ventral  aspect  of 
same  (enlarged);  r/,  f.  molrarrif.^.  Hall.  Sub- 
Carboniferous  ; Hnrlinglon,  Iowa.  Tegnien 
])erfectly  preserved  ; » , The  same  after  removal 
of  the  covering  itieees  and  orals  (after  .Meek  and 
Wortlien). 


regularly 
ranged 
gonal 


('Hi'fliorriii  f/.s* 
cuj)  (after  Bather). 


Fig.  2.Vd. 

Diagram  oftlor.sal 


by  a large  central  and  four 


joints,  and  jierforated 
Devonian;  Eifel. 

(Bssocriinis,  Ang.  (Fig.  262).  IB  three  to  five.  B five;  the  posterior  one 
truncated,  and  supporting  an  anal  plate.  Kadial  facets  elliptical  in  contour. 
Ambulacra  roofed  over  by  alternately  arranged  covering  pieces.  Ventral 
sac  long,  always  laterally  folded.  Madreiiorite  well  defined.  Arms  long. 


regularly 


iiifurcating.  Silurian 


Gottland  and  England.  Devonian;  Jlifel. 


Arachnorrinns,  M.  and  W.  Calyx  very  small,  resembling  Ciiathocrinus  in 
the  arrangement  of  its  plates,  but  forming  a bulbous  protuberance  from  which 
the  robust  arms  stretch  out  horizontally.  Silurian  and  Devonian  ; Europe  and 
North  America. 

^ [The  tyye-speciiiien  ui>oii  wliidi  thi.s  gemi.s  wa.s  founded  {L.  KifeJiunus,  Mlill.)  wa.s  regarded 
hy  Seliultze  as  an  abnormal  variety  of  Tti.rncrinwi,  and  the  specific  name  was  changed  by  liim  to 
T.  hriarevs.  But  Taxocrians  has  no  swell  ventral  tube,  nor  lias  it  perijiheral  canals.  In  the  latter 
respect  Lccijttwcrhuis  differs  also  from  G issuer  in  as,  with  which  it  otherwise  has  close  affinitie.s.] 
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Mastigocrinus,  Bather.  Probably  merely  a variety  of  Cgafhocriiius,  Avith 
which  it  agrees  in  structure  of  the  calyx  and  mode  of  branching.  The  arms, 
however,  are  relatively  longer,  as  is  also  the  ventral  tube ; column  quinque- 
partite.  Silurian  ; Dudley,  England. 

Botrijocriuus,  Ang.  Calyx  small,  cup-shaped,  unsymmetrical.  IB  five,  high, 
slightly  protuberant.  B five,  three  of  them  hexagonal  and  equal ; the  posterior 
pair  indented  by  the  radianal.  11  five,  very  large,  with  excavated  facets.  11 A 
small,  rhomboidal,  and  supporting  the  ventral  sac.  Arms  ten,  giving  off 
armlets  from  alternate  sides  of  each  or  of  every  second  or  third  joint 
throughout  their  entire  length ; in  some  species  the  armlets  give  off  sub- 
branches. Ventral  sac  in  the  form  of  a tube  Avhich  coils  upon  itself  like  a 
snail  at  about  one-fourth  the  height  of  the  arms.  Anal  opening  situated 
anteriorly  at  the  base  of  the  tube.  Silurian  ; Gottland. 

Barycritms,  Wachsm.  Differs  from  Ctjathocrinns  in  having  massive  arms, 


Fro.  201. 

LecythocrbiKS  Eifelianua, 
Mull.  Devonian ; Eitel.  Re- 
stored (after  Schultze). 


Fig.  202. 

(I,  Gissocriiiu.'i  arth  rifiens,  Phill.  ^^iluriaii ; Gott- 
lainl.  Crown  of  the  natural  size  (after  Anjrelin) ; 

G.  parictuosii^,  Ang.  Tegnien  ; c,  Ventral  and 
lateral  as]>ect  of  the  anus  (enlarged). 


composed  of  rather  short,  heavy,  almost  circular  pieces,  and  exhibiting  very 
narrow  ambulacral  furrows.  In  some  species  the  IllA  sustains  a diminutive 
supplementary  piece  to  the  right,  which  is  wanting  in  others.  Ventral  sac 
composed  of  but  few  rows  of  heavy  plates,  longitudinally  arranged.  Column 
stout,  obtusely  pentagonal,  and  quinquepartite  ; axial  canal  very  large.  Sub- 
Cai’boniferous ; North  America. 

Eusjiirocrinus,  Ang.  (Fig.  219).  Dorsal  cup  conical,  composed  of  massive 
plates.  IB  five  ; B five  ; 11  with  a deep  and  broad  articular  facet,  notched  for 
the  passage  of  the  axial  cord.  IllA  large,  rising  above  the  level  of  the  11. 
Eadianal  someAvhat  smaller,  and  supporting  a plate  of  the  ventral  tube 
which  takes  part  in  the  dorsal  cup.  Tube  cylindrical,  com})Osed  of  relatively 
large  plates.  Tegmen  formed  of  five  interradial  pieces,  which  su])port  liy  their 
lateral  edges  two  rows  of  side  pieces  enclosing  an  irregular  row  of  covering 
plates.  Madreporite  small ; column  quinquepartite.  Silurian  ; Gottland. 
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Sfrepfocriiius,  W.  iuid  Sp.  {Ojthioa-iiins,  Ang.  non  Salter  nec  Semper). 
I’lates  of  the  dorsal  cup  as  in  Cijaihocrinus.  Ventral  sac  composed  of  about 
eight  rows  of  hexagonal  plates,  some  of  which  are  deeply  folded  transversely, 
so  as  to  proiluce  well-marked  depressions  on  the  surface.  Arms  slightly 
bending  downward ; their  ambulacral  grooves  narrow,  and  provided  with 
covering  pieces  oidy.  Silurian  ; Gottland. 

Toiamcriinis,  Bather.  Dorsal  cup  broad,  and  composed  of  thin  plates;  the 
truncated  posterior  B sujiporting  a large  IBA.  The  right  jiosterior  R com- 
])Ound;  its  sipierradial  shifted  to  the  right;  but  the  inferradial,  notwith- 
standing its  slanting  position,  gives  no  sujiport  to  the  ventral  sac.  The  latter 
is  very  large,  longitudinally  folded,  and  covered  with  transverse  rows  of 
pits.  Column  round,  with  very  wide  axial  canal.  Silurian  ; Dudley, 
England. 

rurimcr'uins,  W.  and  Sj).  Dorsal  cup  obconical,  composed  of  five  IB,  five 
]j,  and  five  11,  with  an  ana!  and  radianal ; the  latter  two  together  supporting 
the  long,  cylindrical,  ventral  sac.  Upjier  edges  of  the  li  excavated  so  as  to 
form  a narrow  semicircular  facet  for  the  reception  of  the  first  costals ; 
numlier  of  the  latter  very  variable  among  the  rays.  Arms  multibrachiate, 
divergent,  and  filifoini  at  their  tips.  Column  round.  Devonian  ; Germany. 
Sub-Carbonifei-ous  ; North  America. 

^Ifeleaforriiiiis,  W.  and  Sj).  Dorsal  cu]>  elongate,  always  more  or  less  con- 
stricted along  the  suture  line  ))ctween  the  basals  and  infrabasals.  IB  five, 
large,  forming  an  almost  solid  ovo-cylindrical  body.  B five,  long  and  narrow  ; 
R hve  ; four  of  them  eijual  and  arm-bearing,  the  anterior  one  less  than  half 
the  size  of  the  others  and  not  arm-bearing.  Costals  4x4,  the  uppermost 
axillary,  and  suj)})orting  two  main  arms  ; armlets  given  off  on  alternate  sides 
from  every  second  plate.  Anal  interradius  as  in  the  preceding.  Burlington 
and  Keokuk  Groujis ; Mississijipi  Valley. 

Bjiliiicrorriiuis,  Bocmer,  and  Jrlinti/(icrini(.‘<,  Schnltze.  Of  these  oidy  the 
structure  of  the  calyx  is  known.  The  dorsal  cup  in  both  forms  is  globulai’, 
coni])osed  of  very  thin  plates,  and  the  arms  are  jiierced  by  a dorsal  canal.  In 
the  first-named  genus  11! J and  RA  are  both  represented,  and  it  has  an 
eccentric  anal  ojiening  which  is  directed  ujiwards.  But  in  the  second  RA  is 
wanting,  and  the  ])osition  of  the  anus  is  strictly  lateral,  it  being  situated  in 
the  suture  line  between  the  })ostei'ior  radials.  Middle  Devonian;  Eifel. 

(.'oiliitrriiin.'i,  Schultze.  Calyx  small,  resembling  a pojijiy  head.  IB  five; 
five ; I!  five ; the  ])lates  within  each  circlet  e(pial  to  one  another,  and 
laterally  in  contact.  Devonian  ; Germany. 

Li'ri/thiocrinus,  White.  Ai'rangement  of  caly.x  plates  as  in  the  preceding, 
but  with  wider  radial  facets  ; these  are  directed  upwards  instead  of  obliquely 
outwards,  and  are  provided  with  transverse  I’idges  and  well-defined  ligamentous 
fossae.  Coal  Measures  ; North  America. 

Eamily  tt.  Poteriocrinidae.  Hovnior. 

Base  (licijdic.  Inf rahiimh  five,  soiiictiines  hidden  the  colamn.  Bemds  five  ; 
radials  Jive,  with  transverse  urtindar  ridges.  Anal  and,  radianal  fienerallii  repre- 
sented; and  lower  plates  of  th,e  tnhe  frerpientli/  eiderinfi  into  the  dorsal  cup.  Ventral 
sac  large  ; elongate  or  halloo n^shaped  in  the  earlier  forms,  small  and,  conical  in  the 
later  ones  ; if  is  roniposed  of  hexagonal  'plates,  having  the  angles  pn-vf orated  hij  pores. 
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Arms  simple  or  branching,  imiserkd,  interlocking,  or  occasionallg  Use  rial,  luul  all 
having  large  pinnules.  Devonian  and  Carboniferous. 

Poteriocrinus,  Miller.  Dorsal  cup  obconical;  plates  thin  and  plicated  around 
their  margins  so  as  to  form  triangular  pits  at  the  angles.  IP  equal ; B high. 
Three  of  the  It  hexagonal ; the  posterior  and  the  right  posterodateral  ones 


0^0  © © 0 


Fkl  204. 


Diagram  sliowing  anaiigemeiit 
of  ])lates  in  the  dorsal  cup  of 
ScapjLtocrin  us. 


Woodovi'itiits  mnn'oduf- 
tlllus,  <le  Kon.  IVrfect 
specimen  from  the  Car- 
boniferous Limestom^ 
of  Yorkshire  (after  d«* 
Koninck). 


Fig.  203. 

>'ycaphiocrinus  nnicus,  Hall.  .Sub-  l)hi‘^ra.)noi  (h'ajdiiocriinis.  ib, \m- 

Carboniferous  (Keokuk  Group);  frabasals  ; h.  Ba.sals  ; r,  Radials ; 

Crawfordsville,  Indiana.  Natural  n,  Anal  ; hr,  Brachials  (after 
size.  Bather). 

heptagonal,  and  rising  above  the  level  of  the  others. 

Articular  facets  crescent-shaped,  and  rarely  occupy- 
j ing  the  full  width  of  the  plates.  Anal  and  radianal 
j both  present.  Ventral  sac  very  large,  tubular,  and 
I extending  to  the  full  length  of  the  arms  ; its  two 
' lowermost  plates  partially  incorporated  into  the  sac. 

Arms  long,  branching,  composed  of  cuneate  joints, 

• ( alternately  arranged.  Column  round  or  obtusely 
pentagonal.  Upper  Devonian  and  Sub-Carbon. 

Lophocrinus,  Meyer.  Devonian  ; Nassau. 

Scaphiocrinus,  Hall  {llgdriocrinus,  Trautsch.), 

(Figs.  263,  264,  269).  Dorsal  cup  low  cup-shaped 
to  saucer-shaped.  Arrangement  of  plates  and  mode  of  articulation  as  in  the 
preceding;  but  the  upper  faces  of  the  It  form  a horizontal  line,  and  are 
completely  occupied  by  the  lower  faces  of  the  first  firachials.  Costals  one 
or  two ; the  axillaries  provided  with  transverse  ridge  and  fossae  similar  to 
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those  of  the  It.  Arms  long,  uiiiserial,  hraiiching,  and  eomposed  of  wedge- 
shaped  joints,  alternately  arranged.  Sub-Carhoniferons  and  Coal  Measures. 

Sn/fiilocfinus,  W.  and  Sp.  Dorsal  cup  generally  deep.  Arrangement  of 
calyx  ])lates  as  in  the  jireceding,  from  ■which  it  differs  in  the  character  of  the 
anus.  These  are  stronger,  and  remain  undivided  after  the  first  bifurcation, 
which  takes  jilace  above  the  first  or  second  brachial.  They  are  straight,  and 
comjiosed  of  moderately  short,  very  slightly  tvedge-shajied  joints,  rinnules 
long  and  rather  closely  abutting.  Suh-Carhoniferous. 

iJeciuIocriiius,  W.  and  Sp.  Dorsal  cup  very  short,  concave  at  the  bottom. 
Arrangement  of  plates  of  the  dorsal  cup  as  in  the  jireceding,  but  the  arms 
simple  and  thinner,  and  composed  of  long,  decidedly  cuneate  joints,  tvhich 
give  them  a strongly  waving  or  zigzag  outline.  Pinnules  very  robust, 
closely  resemljling  armlets,  and  widely  separated.  Sub-Carboniferous;  North 
America. 

jruoflocriuiis,  de  Kon.  and  le  Hon  {Philocrinns,  de  Kon.;  Pachylocrinus,  W.  and 
Sp.),  (Fig.  21)5).  Dorsal  cu])  saucer-shaped.  IB  five,  small,  generally 
covereil  conijiletely  by  the  column.  P>  large,  their  lower  jiortions  curving 
inward  together  with  the  IP>,  and  forming  a concavity.  Anal  area  and  mode 
of  articulation  as  in  Srajihiorriiuis.  Ventral  sac  short,  bulging  toward  the 
upper  end.  Arms  twenty  or  more,  uniserial,  heavy,  and  closely  folded  so 
as  to  be  laterally  in  contact;  arm-ossicles  very  short.  I’innules  long  and 
numerous.  Column  round.  Sub-Carboniferous  ; England  and  North  America. 

Zeucriimii,  Hall  (Troost).  Pescmbling  U'oddorrinus  in  form  and  construc- 
tion of  the  dorsal  cup,  but  with  short,  thick,  sub-jiyramidal  ventral  sac. 
IJt.l  and  PtA  both  jiresent ; the  latter  esjiecially  large,  and  deejily  inserted 
between  the  JL  Arms  short,  uinserial  ; the  two  main  divisions  of  each  ray 
gix  ing  off  numerous  branches  toward  the  inner  side.  These  branches  fit  so 
closely  together  that  when  the  arms  are  closed  the  crown  apjiears  like  a 
])erfectly  solid  body.  Arm-ossicles  short,  transversely  arranged.  Middle 
and  CTp])er  Sub-Carboniferous. 

Cocliocriinis,  White,  and  If/iiIreionorrinKS,  de  Kon.,  are  closely  related  to 
JPodilocriinis  and  Zeacrinus.  They  are  distinguished  chiefly  by  the  form  of  the 
ventral  sac,  which  in  Codiocrinys  is  balloon-slKnied,  and  in  1 1 yd  reionorrinas 
room-shapeil.  They  are  found  in  the  Lower  and  U])])er  Sub-Carboniferous 
respectively. 

(Jni jdiitirriiiys,  de  Kon.  and  le  Hon  (Fig.  2GG),  and  Bursacrinus,  M.  and 
W.,  dilfer  from  the  majority  of  the  Putcriocriiiidue  in  having  but  one  anal 
plate,  PA  being  al)sent.  Dorsal  cup  depi  essed,  concave  at  the  bottom  ; IB 
very  small,  generally  covered  by  the  column.  G raphdacr'uiHH  has  ten  main 
arms,  which  are  simjile ; and  the  ten  main  arms  of  Bnrsacriu%s  give  off 
branches  in  a similar  fashion  as  in  Zeacrinys.  Sub-Carboniferous;  North 
America. 

Miller  and  Curlev  (lescril)e  under  .Icsiocrhni^i  a Carbonifci'ous  form  airrce- 
ing  with  (Jrajdiiuiriiiys  in  the  construction  of  the  calyx;  but  the  plates  of  the 
ventral  sac  are  extremely  heavy,  and  enclose  a narrow  cavity;  while  the 
])lates  of  the  sac  in  the  tyjiical  form  are  rather  delicate,  and  the  inner  space 
is  relatively  wider. 

[In  addition  to  tlie  above,  tlie  following'  genera  liave  also  been  as.sociated  with  tlie 
J'oteriocrliiidiie  : — Croytyorrinuf:,  Phi(docrinn.%  and  Stcmniutocrinuit,  Trant.'^cli.  ; Ktqmchy- 
criims  and  Erisocrina*,  i\l.  and  W.  ; Ceriucrimis,  Wliite  ; and  Ulocrinus,  Miller  and 
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Gurley.  Although  agreeing  with  this  family  in  a general  way,  they  are  readily  dis- 
tinguished from  the  typical  forms  by  certain  characters  which  thej'  possess  in  common 
with  the  Encrinidae.  The  dorsal  cup  is  saucer-shaped,  and  composed  of  heavy  plates ; 
the  articular  faces  of  the  radials  are  provided  with  well-marked  muscular  fossae  ; the 
arms  vary  from  uniserial  to  biserial  within  the  limits  of  the  same  genus  ; and  the  ventral 
sac  is  reduced  to  a small  cone,  extending  but  little  above  the  level  of  the  ventral  disk. 

These  genera,  according  to  Wachsmuth  and  Sjiringer,  constitute,  together  with  the 
genus  Encrmus,  a group  which  is  sufficiently  distinct  to  be  recognised  as  an  inde- 
pendent family. 

European  writers,  on  the  other  hand,  have  almost  without  exception  agreed  in 
associating  Encrinus  in  the  same  category  with  recent  Crinoids  ; the  reasons  for  this 
being  partly  because  it  is  a Mesozoic  form,  partly  because  it  has  axial  canals  along  the 
inner  floor  of  the  dorsal  cup,  and,  finally,  because  anal  plates  are  wanting.  But  the 
imaginary  line  which  was  formerly  conceived  as  separating  the  Palaeozoic  from  the 
Neozoic  Crinoids,  has  now  been  generally  abandoned  ; and  as  axial  canals  have  been 
found  to  exist  among  Palaeozoic  forms  as  well  as  among  the  later  ones,  the  only  vital 
distinction  remaining  is  the  presence  or  absence  of  anal  plates. 

In  point  of  fact  anals  are  present  in  most  of  the  above-named  genera.  Cromy- 
ocrinus  and  E upachycrinus  have  both  an  BA  and  IBA  ; Phialocrinus  has  only  the 
IRA,  and  Ulocrinus  only  the  BA  ; but  Stemmatocrmus  and  Erisocrmus  agree  with 
Encrinus  in  having  neither  IRA  nor  RA.  Hence,  if  the  division  between  the  Poterio- 
crinidae  and  Encrinidae  be  established  simply  upon  the  presence  or  absence  of  anal 
plates  in  the  cup,  Stemmatocrinus  and  Erisocriniis  are  necessarily  included  under  the 
latter  family,  and  the  remainder  excluded.  But  if  other  characters  be  chosen  as 
criteria,  such  as  the  mode  of  articulation,  and  the  reduction  of  the  ventral  sac,  then 
all  of  the  above  genera  must  be  included  in  the  same  family  with  Encrinus.  The  latter 
course  appears  preferalfle  ; especially  since  the  gradual  disapjiearance  of  anals  may  be 
regarded  as  a natural  consequence  of  the  decrease  in  size  of  the  ventral  sac.  Adopting 
this  course,  the  family  Encrinidae  may  be  defined  as  follows  : — 

Calyx  more  or  less  sccuccr-slMpcd,  with  diajelie  base.  Infrahusuls  five,  small,  ycnerally 
coMealed  beneath  the  top  stem-joint.  Articular  faces  of  the  radials  forming  a horizontal  line, 
aiul  ccmipletcly  occupied  by  the  first  costals  ; fccces  provided  with  large  riinsculor  fossae,  and.  a 
perforated  transverse  ridge.  Costals  one  or  two.  Ventral  sac  rudimentary  ; anal  plates  gener- 
ally absent.  Tegnien  (in  Encrinus)  elecctted,  composed  of  rather  heavy  plates.  Arms  usually 
ten,  rarely  five  or  fourteen  ; pinmde-bearing.  Carboniferous  and  Trias.] 


Cromjocrims,  Trautsch.  (Fig.  267).  Dorsal  cup  low,  cup-  or  saucer-shaped. 
IB  moderately  large,  always  projecting  beyond  the  column.  Ill  A large ; 
BA  barely  touching  the  ventral  sac ; no  plates  of  the  latter 
entering  the  dorsal  cup.  Costals  one  to  each  ray.  Arms 
ten,  rarely  five ; uniserial  or  slightly  interlocking  from 
opposite  sides.  Column  round.  Carboniferous  Limestone  ; 

Moscow,  Russia.  Kaskaskia  Group;  Mississippi  Valley. 

Eupachycrinus,  M.  and  W.  Dorsal  cup  as  in  the  preced- 
ing genus,  but  the  IB  much  smaller,  and  concealed  by  the 
column.  B large.  IRA  and  It  A both  represented ; the 
latter  very  large,  and  supporting  a small  plate  of  the  ventral 
tube,  the  lower  part  of  which  descends  into  the  cup.  Arms 
generally  ten,  rarely  five  or  fourteen  ; either  uniserial,  inter- 
locking, or  biserial.  Kaskaskia  Group;  Mississippi  Valley. 

Ceriocrinus,  White  {Delocriims,  Miller  and  Gurley). 

Dorsal  cup  as  in  the  preceding,  but  the  posterior  B more  elongate  than  the 
others,  and  supporting  a small  IRA  ; upper  end  of  the  latter  extending  above 
VOL.  I M 


P’lG.  2G7. 

Cromyocrinus  globulus, 
M.  ami  W.  Sub  - Car- 
boniferous ; Chester,  111. 
Natural  size  (after  Meek 
and  Worthen). 
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the  B.  Kadianal  wanting.  Costals  one  or  two ; the  lower  one  frequently 
extended  into  a spine.  Arms  ten,  short  and  heavy,  uniserial  or  biserial. 
Kaskaskia  Group  and  Coal  Measures  ; Mississippi  Valley. 

Bhialocrimis,  Trautsch.  Construction  of  anal  area  as  in  Graphiocriiius,  but 
the  mode  of  articulation  between  radials  and  brachials  as  in  Encrinus. 
Ventral  sac  small.  Costals  two ; arms  ten.  Accompanies  the  preceding, 
and  found  also  in  Carboniferous  Limestone  of  liussia. 

Ulocrinus,  Miller  and  Gurley.  Dorsal  ciij)  globular  or  cup-shaped.  JB 
projecting  beyond  the  column.  B large ; the  posterior  one  variable  in  size, 

but  hexagonal  like  the  others.  IB  A absent ; BA  large,  occupying  the  full 
height  of  the  B,  and  supporting  the  ventral  sac.  Arms  unknown.  Coal 
Measures;  North  America. 

Erisocrinus,  M.  and  AV.,  and  Stemmatocrinus,  Trautsch.,  are  without  either 
IBA  or  radianal.  The  former  has  five  minute  infrabasals,  which  are  covered 
l)y  the  stem;  those  of  Stemmatocrinus  are  large  and  jierfectly  anchylosed  so  as 
to  form  a single  plate.  Certain  Coal  Measure  species 
of  Erisocrinus  are  scarcely  distinguishable  from  Encrinus 
Uliiformis.  Sub  - Carboniferous  and  Coal  Measures; 
North  America  and  Kussia. 

[^Encrinus,  Miller.  The  description  of  this  genus  is 
retained  in  its  original  position  under  the  Artirulata.'\ 


Family  10.  Agassizocrinidae. 
AVacli.smuth  and  Springer. 


Fig.  208. 


. 1 fjdAfiizncri  n us  hirvis, 
Kocmer  sj).  Kaskaskia 
(iroup;  Imiiana.  g,  Crown, 
nat.  size  : //,  Ventral  aspect 
of  the  coalesced  infra  basal 
<lisk;  c,  iSide-view  of  same, 
nat.  size  (after  M.  and  ^V.) 


Fig.  209. 

Scdjih  ioc.ri  nus  m u Hi ple.r, 
Trautsch.  Upiier  part  of 
8nb-Carboniferous  ; Mos- 
cow, Russia.  Nat.  size. 


{A sti/Iocrinidae,  Roemer. ) 

Base  (tiri/clic.  Dorsal  ruj)  elongate, 
with  massive  plates,  and  enclosing  an 
extremehj  narrotv  visceral  cavity.  Infra- 
hasals  and  hasals  very  large  ; the  former 
consisting  <f  Jive  elongate  pieces,  which 
form  an  almost  solid  semiovoid  or  semi- 
globose  body.  Badials  very  short,  and 
proportionally  smaller  than  the  other 
plates  of  the  cup.  Anal  and  radianal 
both  present.  Structure  of  tegmen  and 
ventral  sac  unknown.  Arms  ten.  Sub- 
Carboniferous. 


A gassizocrinus,  Troost  stylocrinm, 
Roemer),  (Fig.  268).  There  is  evi- 
dence that  this  form  was  fixed  in  its 
by  a stem,  but  subsequently  became  free-swimming.  In  the 
adult  condition  the  scar  whei’e  the  column  was  attached,  as  well  as  the 
suture  lines  between  the  IB,  became  gradually  obliterated  by  a secretion 
of  calcareous  matter  over  the  whole  surface  of  the  plates.  Restricted  to 
the  Kaskaskia  Grouj)  of  North  America. 


early  stages 


[Reference  may  be  made  here  to  .Taekel’.s  recent  Jlonograpli,  “ Beitriige  zur  Kenntniss  der 
])alaeozoisehen  Crinoideen  Deutschland.s  ” [Palaeont.  Ahhandl.  von  Dames  und  Kayscr,  neue 
Foh/c,  Bd.  III.),  1895.  Unfortunately  this  excellent  memoir  was  not  available  before  the 
jiresent  sheet  was  in  print. — Ti!.\xs.] 
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Order  4.  FLEXIBILIA.  Zittel. 

(Arficulata,  p.p.  AV.  and  non  Miiller ; Ichthijocrinacea,  Xeumayr.) 

Base  dicyclic,  with  stem  or  stemless;  the  proximal  ring  of  the  base  in  the  loJter 
case  enclosing  a (?)  dorsocentral  (Carpenter).  Arms  branching,  pinnuloJe  or  non- 
pinnulate.  Tegmen,  so  far  as  has  been  observed,  composed  of  orals  and  numerous 
exceedingly  small,  loosely  united,  movable  pieces;  orals  asymmetrically  arranged. 
Mouth  and  ambulacra  exposed  ; the  latter  roofed  over  by  covering  pieces  cmd  enclosed 
by  side-plates.  Ordovician  to  Carboniferous,  and  also  Cretaceous. 

! Family  1.  Ichthyocrinidae.  AVachsmuth  and  Springer. 

All  plates  of  the  calyx  and  of  the  arms  from  the  radials  upward  united  by  loose 
suture  or  by  muscular  articulation.  Base  dicyclic;  infrahasals  three,  unequal,  small, 
rarely  extending  beyond  the  column,  and  fused  with  the  top  stem-joint ; basals  five, 
small.  Eadials  succeeded  by  one  to  six  costals,  which  in  species  without  interradials 
! increase  in  size  upwards.  Brachials  united  by  more  or  less  waving  sutures,  and  their 
I lower  edges  furnished  with  tooth-like  projections  xvhich  fit  into  depressions  on  the 
1 subjacent  plates  ; occasioncdly  the  projections  are  developed  as  separate  patelloid  plates. 
Interbrachials,  when  present,  rather  irregularly  arranged.  Tegmen  squamous; 
composed  of  five  orals  and  numerous,  very  small,  movable  plates.  Arms  non- 
\ pinnulate,  and  exhibiting  a very  wide  and  shallow  ventral  groove.  Column  round  ; 
the  upper  ossicles  extremely  short,  and  generally  wider  than  the  others.  Ordovician 
to  Coal  Measures. 

Ichthyocrinus,  CiOWY&di  (Fig.  270).  IB  very  small;  i?  and  lower  brachials 
laterally  in  contact  at  all  sides ; anals  and  interradials  not  represented. 
Crown  appearing  like  a perfectly  solid  body  when  the  arms  are  closed. 
Silurian  to  Coal  Measures ; North  America  and  Europe. 

Lecanocrinus,  Hall  (Fig.  271).  Like  the  preceding,  except  that  only  four 
of  the  rays  are  laterally  in  contact,  the  two  posterior  ones  being  separated 
^ by  a rhomboidal  BA  and  a somewhat  larger  IRA.  Silurian  ; North  America 
and  Europe. 

Taxocrinus,  Phill.  (Figs.  272,  273).  All  five  B separated  by  inter- 
brachials. Costals  two,  sometimes  three.  The  posterior  B larger  than  the 
others,  truncated,  and  supporting  an  IBA.  This  is  followed  by  a longi- 
tudinal row  of  small  elongate  supplementary  anals,  which  are  interposed 
between  numerous  very  minute  irregular  pieces.  Plates  of  the  four  regular 
interrays  less  numerous,  larger,  and  more  symmetrically  arranged.  Ordovician 
to  summit  of  Sub-Carboniferous ; North  America  and  Europe. 

Gnorimocrinus,  AA".  and  Sp.  Like  Taxocrinus,  but  with  BA  in  addition  to 
IRA ; the  former  also  supporting  a longitudinal  row  of  supplementary 
anals.  Silurian ; Gottland. 

Onychocrinus,  Lyon  and  Cassed.  Calyx  depressed ; arms  spreading  and 
talon-like.  IB  rarely  projecting  beyond  the  B,  and  closely  or  only  partially 

^ [The  three  families  embraced  under  this  order,  the  Ichthyocrinidae,  Marsupiiida.e,  and 
Uintacrinidae,  are  included  by  Wachsmuth  and  Springer  under  the  Articulata  (Articidosa)  as 
•redefined  by  them.  The  non-piunulate  Ichthyocrinidae,  however,  are  placed  in  a separate  sub- 
order under  the  name  oi  Articulata  Irnpinnata  ; while  the  Marsupitidae,  Uintacrinidae,  and  most 
of  the  Mesozoic  and  Recent  Crinoids  constitute  the  second  sub-order  Articula.ta  Pinnata. — Traxs.  ] 
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fused  with  the  top  stem-joint.  The  posterior  B larger  than  the  rest,  and 
truncated  or  excavated  at  its  upper  face.  Costals  three  to  six,  decreasing  in 
size  upwards ; the  two  lower  ones  laterally  united  by  a few  large  inter- 
brachials.  The  posterior  interray  markedly  different  from  the  others ; 
com])osed  of  a large  number  of  exceedingly  minute  pieces,  which  enclose  a 
longitudinal  row  of  six  to  twelve  moderately  small,  quadrangular,  anal  plates, 
supporting  a small  tube  at  the  upper  end.  Tegmen  formed  by  small,  almost 
microscopic  limestone  particles,  and  extremely  flexible.  Arms  ten,  giving 
off  clusters  of  armlets  either  from  the  sides  at  intervals,  or  only  at  their 
upper  ends.  Middle  Sub-Carboniferous ; North  America  and  England. 

Forhesiocrinvs  (de  Koii.  and  le  Hon),  Hall.  Differs  from  Taxocrimts  in  the 
construction  of  the  anal  area.  IllA  and  llA  both  represented.  Inter- 


Ichthiiocri n us  Itn  ris, 
Conrad.  Perfect 
crown.  Silurian 
(Niagara  (iroun); 
Lockjxirt,  New  York 
(after  Hall). 


To  rorri  u us  / nte.nm'Ai  us, 
W.  ami  Sj).  (after  Wachs- 
niutli  and  Sj>ringer). 


Fit;.  *J71. 

Lcrouorriii  us  Jlill- 
iiifisi,  Ang.  Silurian; 
Ciottlaml.  o.  Calyx, 
.seen  from  one  side 
(riglit  and  left  re- 
versed); h,  Crown. 
se(*n  from  tlie  anal 
side  (after  Angelin). 


Fke  -273. 

Tuxorrhius  Mcelci,  Hall  sp. 
Perfect  (Ttiwn.  Sub-Carbonifer- 
ous; Crawfordsville,  Ind. 


brachials  very  numerous,  arranged  in  some  cases  in  twelve  or  more  rows. 
Arms  long,  bifurcating,  rather  closely  apposed,  and  with  infolding  tips. 
Sub-Carl)oniferous  ; North  America  and  Eurojie. 

Mespihx'rinus,  de  Kon.  and  le  Hon.  Crown  small  and  unsymmetrical, 
owing  to  the  dextrorse  arrangement  of  the  arms.  Posterior  B truncated, 
and  supporting  a small  HLl,  which  is  the  only  siqiplementary  jilate  of  the 
dorsal  cup.  Costals  and  distichals  two,  followed  by  a very  few  free  arm- 
plates.  Arms  very  short,  closely  folded,  and  inclining  to  the  right,  owing  to 
the  cuneate  form  of  lower  brachials.  8ub-Carl)oniferous ; North  America 
and  Eurojie. 

Jlonuilorriuiis,  Anisocrinns,  Calpiorriiuis,  C//rlulocrinus,  Bf/ciwsaccus,  Ang. ; 
Lifhorriaus,  W.  and  Sj).  Silurian,  Gottland. 
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Family  2.  Marsupitidae.  d’Orbigny. 

Base  diqjdk.  Dorsal  cup  large,  composed  of  large,  thin  plates.  Column  absent  ; 
represented  by  a thin  pentagoncd,  (?)  dorsocentral,  or  centrodorsal  plate.''-  Infrabasals 
five;  basals  five;  radials  five;  interradials  and  anals  wanting.  Upper  edges  of 
radials  furnished  with  a small  crescent-shaped  articular  facet,  having  a perforated 
transverse  ridge.  Arms  branching,  unisericd,  and  traversed  by  dorsal  canals.  Struc- 
ture of  tegmen  and  pinnules  unknown. 

The  only  known  genus  is  Marsupites,  Mantell,  occurring  in  the  Upper 
Cretaceous  (White  Chalk)  of  England  and  Northern  Germany  (Fig.  274). 


h 


Fig.  274. 


Marsupites  testudinans,  Sclilot.  sp.  Upper 
Cretaceous  ; Liineburg,  Prussia.  a,  Calyx, 
natural  size;  h,  Radial,  and  a few  of  the  arm- 
plates  ; c,  Tips  of  the  arms. 


Family  3.  Uintacrinidae.  Zittel. 

Symmetry  perfectly  pentamerous,  plates  thin,  column  wanting.  Base  ■monocyclic  ; 
basals  five,  enclosing  a small,  pentagonal,  (?)  dorsocentral,  or  centrodorsal  plate. 
Costals  two,  the  upper  one  axillary,  and  supporting  two  rows  of  distichcds  which  are 
succeeded  by  palmars.  Interbrachials  numerous,  the  lowermost  ring  interposed 
between  the  costals.  Arms  long  and  pinnulate ; composed  of  very  short,  almost 
circular  ossicles.  Pinnules  heavy  and  closely  abutting;  the  lower  ones  united  by 
sutures,  and  incorporated  into  the  calyx. 

The  solitary  genus  Uintacrinus,  Grinnell  (Fig.  275),  occurs  in  the  Upper 
Cretaceous  of  Kansas  and  Westphalia. 

Order  5.  ARTICULATA.  Johannes  Muller. 

{Neocrinoidea,  Carpenter;  Pentacrinacea,  Neumayr.) 

Tegmen  coriaceous,  studded  with  minute  calcareous  particles,  or  covered  with  well- 
defined  small  plates  of  irregular  arrangement.  .Mouth  and  food-grooves  exposed  ; orals 

' [This  plate  is  supposed  liy  Carpenter  to  represent  the  distal  jlate  ot  the  stein,  and  not  the 
proximal  one. — Tr.xns.  ] 


Fig.  275. 

Uititacrinus  )i’'cstph(dlcvs,  Sclilut.  Upper  Cretaceous; 
Recklingshausen,  Westphalia,  a,  Calyx  viewed  from  the 
side  ; h,  Inferior  aspect.  Natural  size  (after  8ohluter). 
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present  in  nepionic,  frequenfli/  also  in  the  adult  stages.  Plates  of  the  dorsal  cup 
heavy ; hasals  and  radials  united  by  close  suture;  radials  and  lower  hrachials  by 
muscular  articulation  or  by  syzygy.  Padicds  laterally  in  contact,  except  in  Thaumato- 
crinus ; but  srncdl  irregular  qdates  are  frerpiently  interposed  between  the  costal s and 
distichals.  Anal  pdates  represented  only  in  the  larval  stages.  Arms  vniserial  and 
jnnnulate,  the  ossicles  pierced  by  a dorsal  canal.  Trias  to  Recent. 

The  Artie, ulata  include  all  Recent,  Tertiary,  and  Mesozoic  Crinoids,  with  the 
excejition  of  Marsupites,  Uintacrinus  [and  Encrinus,  according  to  Wachsmuth 
and  Springer],  They  are  chiefly  characterised  by  the  exposed  condition  of 
the  mouth  aud  food-grooves,  as  well  as  b}'’  a canal  which  perforates  the  arms. 

This  is  known  as  the  dorsal  or  axial  canal,  and 
contains  a nerve-liand  and  fibres  of  connective 
tissue.  Starting  from  the  dorsally  situated 
chambered  organ  (Fig.  276),  there  are  five  canals 
which  traverse  the  basals  as  far  as  the  centre, 
where  they  divide  into  two  branches  which  con- 
tinue upward  through  the  radials  and  brachials  ; 
and  there  is  also  in  the  radials  a ring -canal 
which  serves  to  connect  the  longitudinal  canals 
with  one  another.  In  young  individuals  these 
canals  are  in  the  form  of  open  grooves  on  the 
inner  side  of  the  plates,  but  they  become  per- 
fectly closed  in  the  adult  condition. 

[To  the  Articulata  (Artiadosa)  Wachsmuth 
iiitiiecaiyxanrianiisof;o)orin»s.  caiu-iis  aiid  SpriiiMr  refer  oidy  the  Pseudomonornclica ; 

represented  by  dotted  lines  wlien  pene-  \ 

tratiiiK  the  interior  of  tlie  plates,  and  by  that  IS  tO  Say,  Cl'inOlds  whlch  are  COIlStrUCtClf 
heavy  lines  when  exposed  on  the  inner  .1  t i-  1 i , • u’  1 r.1  ' t 

side  of  the  calyx  (after  Beyrich).  OH  the  dicyclic  plan,  but  lu  which  the  iiifra- 

basals  are  rudimentary,  and  are  more  or  less 
comi>letely  fused  with  the  top  stem-joint,  and  in  which  the  last-named  joint 
is  not  the  youngest  in  the  stem,  as  is  the  case  in  all  other  forms.  The 
families  thus  emliraced  are  the  ^Ipiocrinidae,  Bourgueticrinidae,  Eugeniacrinidae, 
and  Cornatulidae  among  IMesozoic  and  later  Crinoids,  and  the  Irhthyocrinidae 
among  the  Palaeozoic.  The  Ichthyocrinidae,  which  are  devoid  of  jiinnules, 
are  placed  in  the  sub-grou]i  Articulata  Irnpinnata ; the  others,  which  are  all 
pinnulate,  constitute  the  sub-order  ylrtindafa  Pinnata.  The  I’entacrinidae  and 
Encrinidae,  both  of  which  arc  in  all  probaliility  derived  from  the  Poteriocrinidae, 
are  assigned  by  these  authors  to  the  Fistulata,  and  the  same  is  also  true  of 
the  1‘licatocrinidae  and  Ilolopidae,  in  which  the  top  stem-joint  is  the  youngest 
joint  of  the  column  wherever  the  latter  is  represented.] 

Family  1.  Encrinidae.  Rotmier. 

Dorsal  cup  loic,  sauccr-shapied , with  dicyclic  base.  Infrabasals  five,  very  small, 
and  covered  by  the  upper  stem-joint.  Basals  five,  large ; radials  five,  the  articular 
faces  truncate,  and  provided  with  transverse  ridges.  Interbrachials  absent,  tegmen  in 
the  form  of  a vault.  ^Irms  .5  x 2 or  .5  x 4 ; heavy  and,  simple,  closely  abutting,  and 
either  biserial  or  compwscd  of  alternately  arranged  cuneate  joints.  Column  roumi, 
rarely  giving  off  cirri;  the  terminal  eml  thickened  and  laterally  extended.  Trias. 

Encrinus,  Muller  (Figs.  276-278).  B succeeded  by  two  costals,  of  which 


Dia^'rain  showing  course  of  axial  cunals 
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the  upper  one  is  axillary,  and  supports  the  distichals.  Union  between  the  7? 
and  first  costals  and  between  the  axillary  costals  and  first  distichals  is  l)y 
muscular  articulation  ; the  two  costals  and  the  two  proximal  distichals  form 


Fig.  277. 

Encriitus  lilii/ormis. 
Miller.  Muschelkalk  ; 
Braunschweig. 


7,,.  2 


Fig.  2TS. 


Portions  of  the  calyx  and  arms  of  Encriitus.  a,  Interior 
of  calyx ; ol,  Exterior  of  same  ; b,  Basal,  upper  surface  : 
r,  Radial,  inner  surface  ; p.  One  of  the  uuiserial,  and  , bi- 
serial arm -plates;  both  of  them  traversed  by  duplicate 
dorsal  canals ; p.  Pinnule  ossicle  (enlarged) ; hr,  First 
brachial,  under  surface;  br^-.  First  and  second  brachials 
joined  together ; inside,  seen  from  below ; hr^,  First  brachial, 
upper  surface,  showing  line  of  syzygial  suture  ; hr~,  Second 
bracliial  (axillary),  showing  articular  facets. 


Family  2.  Apiocrinidae. 
d’Orbigny. 


Fig.  279. 


a syzygy,  with  their  apposed  faces  dotted.  Arms  ten,  or  excejitionally 
twenty ; uniserial  at  their  lower  ends,  but  rapidly  becoming  biserial.  Upper 
and  lower  faces  of  stem -joints  marked  over  their  whole  surface  or  only 
around  their  outer  margins  with  ^ 

radiating  striae.  Central  canal 
small,  round.  Abundant  in  the 
Trias,  especially  in  the  German 
Muschelkalk.  The  stem  - frag- 
ments of  E.  liliifonnis  not  infre- 
quently form  massive  beds  of 
limestone  (Trochitenkalk). 

Dadocrinus,  v.  Meyer.  Like 
the  preceding,  but  smaller,  and 
with  uniserial  arms.  Trias. 

Holocrinus,  Jaekel.  Trias. 


/-y  7 . • 7 7 Apiocrinus  Parlcinsoni,Sch\othemi.  Great  Oolite ; Raiivillc, 

L'dtyX  UUSyillTtlClTlCCli^  COllipOSCCl  Calvados.  a,  Calyx  and  u])per  stem-joints,  viewed  from  the 

of  heavy  plates.  Base  pseudomono- 
cyclic ; the  infrabasals  completely 

fused  with  the  centrodorsal,  but  rarely  visible  within  the  basal  ring.  Basals  five, 
radials  five,  occasionally  separated  by  a few  interbrachials.  Tegmen  composed  of 
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rather  heavy  plates  ; mouth  ami  anus  not  observed.  Arms  uniserial,  branching,  and 
bearing  long  pinnules.  Column  rouiul  to  sharply  pentagonal,  without  lateral  cirri; 
the  proximal  joint  the  largest  of  the  stem;  distal  end  thickened  and  forming  a stout 
root.  Jura,  Cretaceous,  and  Eecent. 

Apiocrinus,  Mill  (Figs.  279-281).  Dorsal  cup  pyriform,  supported  by  a 
long  cylindrical  column,  the  proximal  joints  of  which  gradually  exiiand  in 


Fio.  280.  Fin.  2SI. 

Fig.  280. 

Ainocrinns  Po.rkhisoni,  Schlotli.  Great  Oolite;  Ranville,  Calvatlos.  A,  Diagram  of  calyx,  showing  course 
of  canals.  Tliese  are  represented  by  dotted  lines  when  concealed  within  the  plates,  and  by  heavy  lines  where 
visible  on  tlie  inner  surface  of  the  basals.  7>‘,  Median  longitudinal  section  through  the  uppermost  stem-joints, 
showing  emi)ty  space  included  between  them  ; b,  Basal,  seen  from  above  and  from  the  inside  ; Lower  surface 
of  same;  ri,  Ra«lial,  seen  from  without;  Inner  aspect  of  same;  r-,  and  Corresponding  views  of  first 
brachial ; ln\  Arm-plates.  (Canals  are  invisible  in  plates  above  the  basals,  except  where  they  have  become 
exposed  by  weathering  or  abrasion.) 

Fio.  2S1. 

Apiocrinvs  RnlssyomiSt  d’Orb.  Upper  Jura  (Coitil-Rag) ; Tonnerre,  Yonne.  Restoration  (after  d’Orbigny). 


diameter,  so  as  to  become  of  equal  width  with  the  B.  Ujiper  face  of  the 
centrodorsal  bearing  five,  low,  angular  ridges,  which  correspond  in  their  dis- 
position with  the  suture  lines  of  the  IB.  Eadials  followed  by  two  costals, 
which  are  laterally  and  longitudinally  united  by  rather  close  suture.  Upper 
faces  of  the  costals  excavated  and  striated  ; the  free  brachials  perforated,  and 
furnished  with  well-defined  transverse  ridges.  In  a few  species  small  inter- 
brachials  are  interposed  between  the  costals.  Column  round,  the  2^i’Oximal 
joints  in  contact  only  near  the  jieriphery  ; inner  portions  of  the  joints  wedge- 
shajied,  and  leaving  a hollow  sjiace  between  them.  Lias  to  Cretaceous. 
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Fragmentary  stems  occur  notably  in  the  Alps  in  great  profusion,  but  calices 
are  rare. 

Guettardocrirms,  d’Orb.  Differs  from  the  preceding  in  having  costals  im- 
movably united  with  interbrachials.  Solitary  species ; G.  dilatus,  d’Orb. 
Upper  Jura. 

Millericrinus,  d’Orb.  Closely  allied  to  Apiocrinus,  but  articular  facets  of 
radials  and  brachials  more  strongly  developed.  Base  occasionally  with  five 
minute  IB,  which  are  coalesced  with  the  top  stem-joint  (centrodorsal) ; the 
latter  extended  laterally,  and  resting  against  the  outer  faces  of  the  B. 
Column  more  or  less  sharply  pentagonal,  with  the  angles  interradially 
directed.  Lias  to  Lower  Cretaceous. 

Acrochardocrinus,  Trautsch.  Jura  and  Lower  Cretaceous. 

Calamocrinus,  Ag.  Recent;  Galapagos  Islands.  {Cf.  Literature,  p.  124.) 


Family  3.  Bourgueticrinidae.  de  Loriol. 


Dorsal  cup  small,  pyriform,  with  shallow  body-cavity,  and  composed  of  a centro- 
dorsal, five  basals,  five  radials,  and  one  to  two  costals.  Tegmen  (in  recent  forms)  cori- 
aceous, aiul  with  mouth  surrounded  by  five  orals.  Arms  five,  thin,  uniserial,  and 
bearing  very  long  pinnules.  Stem  giving  off  numerous  cirri  ; composed  of  heavy  dice- 
box-shaped  joints,  both  faces  of  which  are  provided  with  elevated  transverse  ridges,  and 
deep  ligamentous  fossae.  Jura  to  Recent. 

Bourgueticrinus,  d’Orb.  (Fig.  282).  Centrodorsal  unusually  large,  as  wide 
as  the  calyx  at  its  greatest  width,  and  wider  than  across  the  basals.  i? 


Fig.  2S2. 


Bourgueticrinus  dlipti- 
nis,  Mill.  White  Chalk  ; 
Wiltshire,  a,  Calyx  with 
centrodorsal  and  two  of 
the  stem-joints  (nat.  size); 
i),  Ventral  aspect  (en- 
larged) ; c,  Stem-joints ; 
d,  Articular  surface  of 
stem-joint ; e,  Cirrus. 


h 


Fig.  2S3. 

Rhizocrinus  jigdformis,  Goldf.  sp.  Eocene;  Verona. 
a,  h,  Calyx  from  one  side  (nat.  size  and  enlarged) ; 

c,  Same  from  above,  with  three  of  the  Br  in  place  ; 

d,  Median  longitudinal  section  of  calyx  (nat.  size); 

e,  Calyx  with  slightly  abraded  outer  surface,  showing- 
suture  lines  between  B and  R ; /,  Calyx  with  five  rays, 
seen  from  above  (enlarged);  g,  Ic,  Stem-joints  (nat.  size). 


truncated  at  the  upper  face,  and  supporting  very  short  costals.  Structure  of 
arms  unknown.  Column  round  ; its  joints  almost  as  long  as  wide,  the  upper 
ones  wider  than  the  rest.  Upper  Jura  to  Tertiary. 

Bhizocrinus,  Sars.  (Conocrinus,  d’Orbigny  non  Troost),  (Fig.  283).  Base 
very  large  and  elongate ; composed  of  five  heavy  plates  which  are  more  or 
less  fused.  B typically  five,  but  sometimes  four,  six,  or  seven  ; short  and 
quadrate  in  form.  Column  slender,  giving  off  branching  cirri  toward  the 
distal  end ; composed  of  joints  nearly  three  times  longer  than  wide,  and  con- 
stricted in  the  middle.  Eocene,  and  Recent  at  great  depths. 
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Family  4.  Eugeniacrinidae.  Zittel. 

(Coadunata,  Miller;  Ilolopocrinidae,  pp.  Jaekel.) 

Ihrsal  cap  composed  of  five  {rarehj  four)  thick,  rigidly  united  radials  resting 
upon  a centrodorscd  ; hasals  invisible,  legmen  unknown.  Costals  compressed,  flange- 

like  ; united  by  syzygial  sutures,  or  fused 
with  one  another.  Arms  uniserial,  robust, 
and  incurving.  Stem  short,  destitute  of 
cirri,  and  composed  of  but  a few  long 
cylindrical  joints  with  granulated  or 
striated  articular  faces.  Dorsocentral 
thickened  and  expanded.  Lias  to  Loiver 
Cretaceous  ; Europe. 

Eugeniacrinus,  Miller  (Fig.  284). 
Dorsal  cup  small,  saucer-shaped,  and 
with  shallow  body- 
cavity.  Centro- 
dorsal  covered  with 
five  radiating  ridges. 

B invisible  when  the 
centrodorsal  is  at- 
tached, but  from  the 
course  of  the  axial 
canals  (Fig.  285)  it 
is  ajijiarent  that 

they  are  })ushed  upward  so  as  to  be  completely  enveloped 
by  the  It.  The  latter  are  very  heavy,  closely  united,  and 
sometimes  completely  anchylosed.  The  lateral  margins  of 
their  upper  faces  are  extended  upwards  so  as  to  form  con- 
spicuous jirojections  ; the  intermediate  spaces  are  occujiied 
by  transverse  ridges  and  deep  fossae.  Costals  two,  the 
upper  one  axillarvr  Structure  of  arms  unknown.  Abun- 
dant in  the  Upper  Jura,  notably  in  the  Spongitenkalk  of 
Southern  Germany,  Switzerland,  France,  and  the  Car- 
jiathians.  Less  common  in  the  Dogger  and  Lower 
Cretaceous  of  the  Alps. 

JaekeU  divides  Eugeniacrinus  into  the  following  sub- 
genera : — Cyrtocrinus,  Sclerocrinus,  Tetanocrinus,  Eugeniacrinus, 
s.  str.,  and  Gymnocrinus.  The  chief  differential  characters 
consist  in  modifications  of  the  distichals,  the  arms,  and 
articular  surfaces  of  the  radials. 

Eudesicrinus,  de  Loriol.  Stem  reduced  to  two  short 
thick  segments  which  bear  the  five  It  directly.  Lias. 

Tctracrinus,  Miinst.  It  typically  four,  rarely  three  or 
five ; ajijiarently  reposing  directly  upon  the  column,  as  no 
B or  IB  are  visible.  LTpper  face  of  the  centrodorsal 
marked  by  four  (sometimes  three  or  five)  prominent  ridges  which  are  radially 
disposed ; lower  face  bearing  about  fifteen  radiating  jirominences,  which  are 


FlCi.  -JS4. 

Enffoiiaer! nils  cc njophiiUatus,  Mill.  Upper  Jura; 
Streitberg,  Franconia,  a,  Calyx  with  centrodorsal, 
seen  from  one  side  (nat.  size);  h,  c,  Ventral  and  dorsal 
aspects,  ^ First  brachial,  inner  and  upjjer 

surface;  e,  Second  brachial,  seen  from  the  inside  (nat. 
size) ; /,  h,  K.  nutans,  Gohif.  Same  locality ; /,/*,  First 
and  second  Jlr  fused  together,  seen  from  the  outside 
and  inside,  respectively;  rj,  Arm-plate,  hgured  in  four 
positions;  h,  Dorsal  ami  lateral  aspects  of  an  inrolled 
arm. 


Fig.  2Sr>. 

Eugeniacrinus  cargo- 
phyllatus,  Mill.  Upper 
Jura,  a,  Restoration, 
without  the  arms  (after 
Fraas) ; h,  Calyx  broken 
open  to  show  the  silici- 
tied  axial  canals  (after 
Jaekel). 


Zeitsclirift  der  deut.scli.  geol.  Gesellsch.  Bd.  XLIII.,  1891. 
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not  continued  over  the  median  portion  of  the  plate,  li  with  transverse 
ridges  and  large  muscular  fossae.  Stem-joints  barrel-shaped.  Jaekel  regards 
the  centrodorsal  as  representing  the  anchylosed  B,  notwithstanding  the 
absence  of  axial  canals.  Upper  Jura. 

Phyllocrinus,  d’Orb.  Dorsal  cup  globose ; upper  edges  of  B with  narrow 
articular  facets,  to  either  side  of  which  are  long,  upright  projections.  Up})er 
Jura  and  Lower  Cretaceous,  notably  in  the  Mediterranean  district. 


family  5.  Holopidae.  Zittel. 


Base  monocyclic ; stemless.  Dorsal  cuj) 
heaker- shaped,  and  formed  of  Jim  fused 
radials,  by  which  the  body  was  either  directly 
attached,  or,  as  was  more  probably  the  case, 
it  was  supported  by  a cycle  of  basals 
enclosed  within  the  radials.  Tegmen  com- 
posed of  five  large  triangular  orals,  sur- 
rounded by  a narrow  band  of  perisome. 
Arms  5x2,  wniserial,  strongly  incurving, 
and  composed  of  large  thick  plates. 

Of  the  forms  belonging  to  this 
family,  Cotylederma,  Quenst.  (Fig.  286),  is 


Fig.  280. 

o,  h,  Cotylederma  docenSy  Deslungch.  Upper  Lias  ; 
May,  Calvados,  a,  Calyx  seen  from  above  ; h.  Same, 
from  below ; c,  (7,  C.  linea.ta,  Quenst.  Lias  S ; Assel- 
lingen  ; Baden,  c,  Centrodorsal;  d,  Circlet  of  fused 
basals.  (All  figures  of  tbe  natural  size). 

found  in  the  Lias;  Cyathidium,fiteenstv. 

{Micropocrinus,  Menegh.),  in  the 
Cretaceous  and  Tertiary ; and 
Holopus,  d’Orb.,  at  great  depths 
in  existing  seas. 


Fig.  287. 

Plivatocrimts  7ie.ragonus,  Miinst.  Upper 
Jura;  Streitberg,  Franconia.'  a,  Calyx  with 
radials  and  undivided  base;  7>,  c,  Dorsal  and 
lateral  aspects  of  same  (slightly  enlarged) ; 
(?-/,  First  brachial,  seen  from  the  inside, 
outside,  and  from  below  respectively. 


Family  6. 


Plicatocrinidae. 

Zittel. 


-aa. 


Base  monocyclic,  funnel- 
shaped,  quadrangular  to  hexa- 
gonal, and  formed  of  one  solid 
piece.  Badials  four,  six,  or  eight 
{rarely  five  or  seven),  short  and 
delicate.  These  support  axillaries, 
which  give  origin  to  two  simple 
arms  composed  of  wedge-shaped 
ossicles  and  united  by  muscular 
articulation.  Binnules  usually 
composed  of  a single  qnece.  Body- 
cavity  wide  and  deep. 

Plicatocrinus,  Miinst.  (Fig. 
287).  Radials  comparatively 
thin,  their  articular  facets 
crescent  - shaped  ; the  outer 
faces  longitudinally  convex. 
Pinnules  undivided,  except  the  proximal  ones,  which  consist  of  three  pieces  ; 
they  are  angular  oivkeel-shaped  along  the  dorsal  side,  and  deeply  furrowed 


Fig.  28S. 

Hyocriiius  Bethelliamts,  Wyv.  Thomson.  Recent;  Atlantic 
Ocean.  A,  Individual  twice  the  natural  size.  B,  Tegmen  several 
times  enlarged ; am,  Ambulacral  furrows  of  the  arms ; c,  Dorsal 
canals  ; an,  Anus  ; m,  Mouth  ; o,  Orals  (after  Wyville  Thomson). 
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on  the  ventral.  Tegmen  unknown.  Upper  Jura;  a rare  form,  found  in  the 
Franconian  and  Swabian  Alp. 

Hjiocrinus,  Wyv.  Thomson  (Fig.  288).  This  recent  form  is  obviously 
allied  to  the  preceding,  but  differs  from  it  rather  conspicuously  in  the  mode 
of  branching  of  its  arms.  It  has  a heavily  plated  tegmen,  with  mouth  sur- 
rounded by  large  orals.  Carpenter  regards  it  as  the  type  of  an  independent 
family. 

Family  7.  Saccocomidae.  d’Orbigny. 

Cahjx  small,  hemispherical,  non-peduncnlate.  JRadials  Jive,  venj  thin,  elevated 
into  prominent  ridges  along  the  median  line,  and  enclosing  an  extremehj  small  basal 


SdccncoMii  jKCtlixitii,  Ooliir.  U|)per  .Jura  (Litliot;raiihic  Slates) ; Eiclistiiiit,  Bavaria,  x,  Indiviilual  in  natural 
size  ; fi,  Side  view  of  calyx  ; c,  Calyx  .seen  from  below,  -/i ; it.  Two  of  the  lower  ann-idates  ; e,  Two  arni-plates  of 
a higher  order  with  one  of  the  branches  ; /,  Th.e  upper  part  of  one  of  the  arms  straightened  out ; g.  Lower 
hrachials  of  ,S.  tcnettn,  Goldf.  (Figs,  it  and  g greatly,  the  othor.s  slightly  enlarged.) 

plate.  Arms  5x2;  thin,  wideltj  separated,  ami  giving  off  alternatehj  towards  the 
extremities  simple  incurving  branches.  Arm-plates  cylindriccd ; each  side  of  the 
ambidacral  furrow  lined  ivith  wing-like  or  spiniform  projections.  The  entire  skeleton 
exhibiting  a reticulated  structure  with  coarse  meshes.  Upper  Jura. 

The  only  known  genus,  Saccocoma,  Ag.  (Fig.  289),  occurs  profusely  in  the 
Lithographic  Slates  of  Eichstiidt  and  Solenhofen,  Bavaria.  It  is  a free- 
swimming  form,  whose  affinities  with  the  monocyclic  riicatocrinidae  were  first 
clearly  demonstrated  by  Jaekel.^ 

1 Zeitsebrift  (ter  ileutscheii  geol.  Gesellscb.  Bd.  XLIV.,  1892. 
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Family  8.  Pentacrinidae.  d’Orbigiiy. 


Cahjx  small,  howl-shaped,  and  with  dicydic  base ; hut  the  infrahasals  are  either 
rudimentary,  or  completely  resorhed  in  the  adult  state.  The  top  stem-joint  always  the 
youngest  joint  of  the  column.  Basals  five,  radials  five,  costals  one  to  two.  Tegrnen 
flexible,  studded  with  small,  irregular,  adcareous  particles  or  delicate  p>lates.  Arms 
strong,  numerously  branching, 
and  pinnulate.  Column  long, 
pentangular  or  sub-pentagonal ; 
its  outer  angles  interradially 
directed ; the  cirri  given  off 
radially.  Upper  and  lower 
faces  of  the  stein-joints  orna- 
mented with  a quinquelobate 
figure.  Trias  to  Eecent. 

Pentacrinus,  Miller  (Iso- 
crinus,  v.  Meyer  ; Cludocrinus, 

Ag. ; Cainocrinus,  Forbes), 

(Fig.  290).  IB  obsolete; 
costals  rarely  more  than  two, 
none  of  them  pinnulate. 

Arms  very  numerously 
divided.  Column  more  or 
less  pentangular ; the  angles 
of  the  axial  canal,  contrary 
to  the  general  rule  in  dicydic 
forms,  are  radially  directed, 
so  as  to  correspond  with  the 
outer  angles  of  the  stem. 

Cirri  very  numerous ; stem 
not  thickened  at  its  distal 
end.  Trias  to  Recent ; maxi- 
mum in  Lias. 

Exquisitely  preserved 
specimens  are  found  in  the 
Lower  Lias  of  England,  and 
the  Upper  Lias  in  the  vicinity 
of  Boll  and  Metzingen, 

AViirtemberg.  A slab  con- 
taining no  less  than  twenty- 

four  perfect  crowns  of  P.  Pentacrinus  (E^tracHm^s)  um.  Lower  Lias ; Lyme 

subanqularis.  Miller,  with  England  (after  GoUlfuss).  a.  Stem-joints  of  F.  siilianiiuluris, 

1 ...  . Mill.  Upper  Lias:  (>,  Column  of  P.  Mill.  Middle  Lias. 

long  intertwining  stems,  is 

preserved  in  the  Tubingen  Museum.  There  also  may  be  seen  a column 
vdiich  Quenstedt  traced  for  over  70  feet,  without  reaching  either  end. 

Metacrinus,  Carp.  Differs  from  Pentacrinus  in  that  the  R are  succeeded 
by  four  to  seven  costals,  of  which  the  first  and  second  form  a syzygy.  Where 
seven  costals  are  present,  the  fourth  and  fifth  are  also  united  by  syzygy. 
Angles  of  axial  canal  interradially  disposed,  so  as  to  alternate  with  the  outer 
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angles  of  the  stem.  Arms  moderately  hranching.  Cirri  generally  directed 
upwards  ; those  of  Pentacrinus,  as  a rule,  downwards.  Recent ; Pacific  Ocean. 

Extracrinus,  Austin.  Base  composed  of  five  rudimentary /R  and  five  / 
radials  with  downward  prolongations  from  their  lower  ends.  The  five  inter- 
radial  petals  on  the  uj)per  and  lower  faces  of  the  stem-joints  narrower  and 
more  lanceolate  than  in  Pentacrinus.  Lias  to  Recent. 

{'l)  Balanocrinus,  Ag.  Stem-joints  round,  with  serrated  margins;  articular 
faces  marked  hy  five  crenulated  ridges  radiating  from  the  centre.  Lias  to 
Cretaceous. 

Family  9.  Comatulidae.  (I’Oibigny.i 


Fid.  -’'.a. 


Pcilunadate  and  fixed  in  nepionic  stages,  later  losing  the  stem  and  leading  a free 
existence.  Base  psendoinonocijclic ; infrabasals  visible  onhj  in  the  ciliated  larva, 

afterwards  becoming  fused  with 
the  top  stem -joint.  Basals, 
which  are  large  in  the  larval 
condition,  are  transformed  at 
the  end  of  the  Pentacrinoid 
stage  into  the  so-called  rosette. 
Centrodorsal  giving  off  numer- 
ous cirri  after  detachment  of 
the  stem ; its  angles  inter- 
radialhj  disposed,  like  the  stem 
of  diajclic  Crinoids.  Tegmen 
coriaceous,  nuked  or  indurated 
bg  thin  calcareous  plates. 
Body  - cavity  very  shallow  ; 
arms  simgile,  interlocking, 
pinnulute.  Lias  to  Recent. 

Over  200  species  are 
rei)resented  in  the  2Ji’esent 
seas,  most  of  them  being 
inhabitants  of  shallow 
water. 

Antedon,  Freminv. 
{Alecto,  Leach ; Comat nla, 
Lam.  ; Pterocoma,  Ag.  ; 
Decacnernos,  Broun  ; Comatu- 
lina,  d’Orb.  ; Plertha,  Hage- 
now  ; Solanocrinus,  Gleno- 
tremites,  Goldf.),  (Figs.  235, 
291).  Mouth  central,  anus 
eccentric;  centrodorsal 
button-shajied.  Costals 
two  ; the  uj>per  one  axillary.  Arms  ten  or  more.  Lias  to  Recent. 

Eudiocrinus,  Carp.  {Ophiocrinus,  Senifier).  Like  Antedon,  except  that  it 
has  only  five  arms.  Rejiresented  by  one  Neocomian  and  five  Recent  sjiecies. 

* M idler,  J.,  UebcT  die  Gattung  C'omatula,  etc.  (Atiliaiidl.  Berlin.  Akad.),  1847. 

Ludivii/,  II.,  Beitnigc  znr  Anatoniie  der  Crinoideeii  (Zeitsclir.  fur  wi.s.s.  Zool.  XXVIII.),  1877. 
Carpenter,  /^  II.,  Report  on  the  Crinoidea  (Sci.  Results,  Chall.  Exped.,  XI.  and  XXVI.),  1884-88. 
Jaekel,  ().,  Entwurf  einer  Morphogenie  und  Pliylogenie  <ler  Crinoideen  (Sitzber.  naturf.  Ges.),  1894. 


n,  Antalon  {Solifiiorrinim)  eorlidus,  Goldf.  Upper  .lura  (I)iceras- 
Kalk);  Kelhcim,  Bavaria.  Dorsal  asiiect  of  crown  ; centrodorsal  ami 
liinnules  not  jireserved  (slightly  reduced) ; l)-d,  A.  serohientotus,  Goldf. 
Upper  .Jura  ; .Streitberg,  Franconia ; h.  Ventral  ; e,  dorsal  ; and 
<1,  lateral  aspect  of  calyx  ; c,  Arin-plate. 
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Actinometra,  Miiller  {Comaster,  Goldf. ; Phanogenia,  Loven).  Mouth 
eccentric  or  marginal ; anus  central  or  subcentral.  Centrodorsal  depressed, 
discoidal ; covered  with  a single  (rarely  a double)  row  of  cirri,  or  sometimes 
altogether  naked.  Jura  to  Recent. 

Promachocrims,  Carp.  Centrodorsal  hemispherical  or  conical,  and  covered 
with  numerous  closely  set  cirri.  E succeeded  by  a single  costal ; with  high 
distal  faces  and  large  muscle  plates.  Mouth  central ; ambulacra  symmetri- 
cally disposed.  Recent. 

Atelecrinus,  Carp.  Centrodorsal  acorn-shaped,  and  bearing  live  double 
rows  of  cirri,  those  of  each  row  alternating  with  one  another  and  with  those 
of  adjacent  rows.  E separated  from  the  centrodorsal  by  a complete  circle 
of  B.  The  first  six  or  more  orders  of  brachials  devoid  of  pinnules.  Recent. 

Thaumatocrinus,  Carp.  Calyx  plates  as  in  the  preceding,  Imt  with  the 
addition  of  five  large  interradials  resting  upon  the  basals,  followed  Ijy  small 
irregular  pieces  between  the  costals  at  four  of  the  sides ; the  posterior 
interradial  bearing  a short,  solid,  jointed  appendage.  Ventral  surface 
covered  by  a narrow  band  of  perisome,  and  almost  entirely  occu})ied  by  five 
large,  symmetrically  situated  orals.  Mouth  central ; anus  eccentric,  and 
extended  in  a short  tube.  Arms  five.  Recent;  found  at  a depth  of  1800 
fathoms. 


Range  and  Distribution  of  the  Crinoidea. 

With  the  exception  of  the  Comatulidae,  all  recent  Crinoids  {Peiitaxriiuis, 
Metacrinus,  Ehizocrinus,  Bathycrinus,  Calamocrinus,  Hyocrinus,  Holopus)  are  deep- 
sea  inhabitants ; and  in  many  instances  our  knowledge  of  them  is  Ijased  upon 
but  a few  sporadic  sjrecimens.  Of  the  Comatulidae,  over  200  recent  species 
have  been  described,  the  majority  of  which  are  found  either  in  litoral  zones, 
or  in  comparatively  shallow  water. 

Crinoids  attained  their  maximum  development  during  the  Palaeozoic  era. 
The  three  principal  orders — the  Larviformia,  Camerata,  and  Fistulata- — are 
wholly  confined  to  the  Palaeozoic  rocks ; and  with  the  exception  of  Marsupites 
and  Uintacrinus,  the  same  is  also  true  of  the  Flexibilia.  The  Artkidata,  on 
the  other  hand,  appear  first  in  the  Trias,  and  are  represented  continuously 
up  to  the  present  time.  On  this  account  Carpenter  separated  the  Mesozoic 
and  Cenozoic  forms,  under  the  term  Neocrmoidea,  from  all  earlier  Crinoids, 
the  latter  being  designated  as  Palaeocrinoidea.  This  distinction,  however,  has 
been  shown  to  be  largely  artificial,  and  is  now  generally  abandoned. 

Crinoids,  as  a rule,  have  but  a very  local  distribution  ; but  in  certain 
formations  detached  stem-joints  and  other  fragments  occur  so  profusely  as  to 
become  of  considerable  rock-building  importance ; strata  amounting  to  a 
number  of  metres  in  thickness  are  occasionally  met  with,  which  are  almost 
wholly  constituted  of  Crinoid  remains. 

While  the  great  majority  of  recent  forms  are  deep-sea  inhabitants,  the 
Palaeozoic,  on  the  contrary,  often  characterise  shallow  water  deposits,  and 
are  especially  numerous  in  the  vicinity  of  fossil  coral  reefs.  Of  the  Mesozoic 
Crinoids,  the  Eugeniacrinidae  and  Plicatocrinidae,  whose  remains  are  commonly 
associated  with  those  of  Hexactinellid  and  Lithistid  Sponges,  prol)ably  lived 
at  considerable  depths ; while,  on  the  other  hand,  the  Encrinidae,  Aynocrinidae, 
Saccocomidae,  and  Pentacrinidae,  were  undoubtedly  shallow  water  forms. 
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Taijlk  showin’c;  the  Vektical  Kange  of  the  Ciuxoidea. 


Kiuailies. 


C/5 


1.  Larvifonnia 

1.  HaplocriiiiJae 

2.  Allagecrinidae 

3.  Pisocriuidae 

4.  Symbathocrinidae 
Cuprcssocrinidae 

6.  Stephaiiocriiiidae 

2.  Camerata 


1. 

Platyci'inidae 

2. 

Hexacrinidae 

3. 

Actiiiocrinidae 

4. 

Harraiideociiiiidae 

5. 

Reteoc-i’inidae 

t). 

Thysanocrinidae 

7. 

Rhodociinidae 

8. 

!Melocriiiidae 

9. 

Calyptocriiiidae 

10. 

Ci'otalocriiiidac 

3. 

Fistulata 

1. 

Hyboi-rinidai' 

2. 

Aiioinalocriuidae 

o. 

Ileterocrinidae 

\. 

Huleiiiiiocriiiidae 

r>. 

Catillocrinidae 

ti. 

Calceocriiiidae 

7. 

Gasterocoiiiidae 

8. 

Cyathocidiiidae 

9. 

Potcriocrinidae 

10. 

Agassizofriiiidae 

4. 

Flexibilia 

1. 

Icbthyocriiiidae 

2. 

^Mar.supitidae 

3. 

UintatTiiiidae 

5. 

Articulata 

1. 

Enci'inidae 

2. 

Aiiiocrinidat' 

•> 

•j. 

Hourgucdicfinidao 

4. 

Eiigcniaerinidae 

r>. 

Holopidac 

0. 

Plicatocrinidae 

7. 

.Saccoconiidae 

8. 

I’entacriiiidae 

9. 

Coniatulidae 
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Crinoidal  fragments  have  been  detected  in  the  Cambrian,  but  consist  of 
stem-joints  only  (Dendrocrinus).  The  Ordovician  of  England  also  yields  a 
variety  of  stem- joints,  and  well-preserved  calices  of  Hybocrinus  and  Baerocrinus 
occur  in  rocks  of  the  same  age  in  the  vicinity  of  St.  Petersburg.  In  North 
America,  also,  the  Trenton  and  Hudson  River  limestones  are  locally  very 
rich  in  Crinoid  remains.  The  Silurian  localities  of  Dudley  and  Wenlock, 
England,  and  especially  the  island  of  Gottland,  Sweden,  are  famous  for  the 
surprising  abundance  and  exquisite  state  of  preservation  of  their  fossil 
Crinoids.  The  Swedish  forms  alone  comprise  43  genera  and  176  species. 
The  Silurian  of  North  America,  notably  the  Niagara  Group,  likewise 
contains  a large  variety  of  forms. 

The  best  known  Devonian  localities  are  the  Eifel,  Rhineland,  Nassau,  "West- 
phalia, the  Ardennes,  Asturias,  Departement  Mayenne,  and  North  America. 
The  Carboniferous  Limestone  of  Tournay  and  Vis^,  Belgium,  and  that  of  Eng- 
land, Ireland,  and  the  vicinity  of  Moscow,  Russia,  is  occasionally  charged  with 
exceptionally  well-preserved  Crinoidal  remains.  But  the  most  famous  of  all 
horizons  is  the  Sub-Carboniferous  Limestone  of  North  America,  where,  in 
particular,  the  localities  of  Burlington,  Iowa,  and  Crawfordsville,  Indiana, 
have  acquired  a world-wide  reputation. 

The  Permian  has  yielded  but  a single  genus,  which  is  doubtfully  referable 
to  Cyathocrinus.  From  the  Trias  only  the  Encrinidae  and  a few  species  of 
Pentacrinus  are  as  yet  known.  The  remaining  members  of  the  Articulata 
make  their  appearance  in  the  Jura  and  Cretaceous,  and  with  the  exception  of 
the  Saccocomidae,  are  still  represented  in  the  existing  fauna. 


Class  2.  CYSTOIDEA.  Leopold  von  Buch.^ 

Extinct,  pedunculate,  or  more  rarely  stemless  Pelmatozoa,  with  calyx  composed  of 
more  or  less  irregularly  arranged  plates.  Arms  imperfectly  developed,  sometimes  absent. 
Calyx  plates  often  finely  perforate. 

The  calyx  is  globose,  bursiform,  ovate,  or  ellipsoidal  in  form,  more  rarely 
^ Literature  : 

Volborth,  Alex,  von,  Ueber  die  Echinoenorhien  (Bull.  Acad.  Imp.  Sc.  St.  Petersb.  vol.  X.),  1842. 
Volhorth,  Alex,  von,  Ueber  die  russischen  Sphaeroniten  (Verhandl.  Mineralog.  Gesellscli.  St. 
Petersb.),  1845-46. 

Buck,  Leopold  von,  Ueber  Cystideen  (Abhandl.  der  Berliner  Akad.  ftir  1844),  1845.  Translated 
in  Quart.  Journ.  Geol.  Soc.  London,  1845. 

Forbes,  FAward,  On  the  Cystidea  of  the  Silurian  Rocks  of  the  British  Islands  (Mem.  Geol.  Survey 
Great  Brit.  vol.  II.,  part  2),  1848. 

Mvller,  Johannes,  Ueber  den  Bau  der  Echinodermen  (Abhandl.  der  Berliner  Akad.),  1853. 

Eall,  James,  Palaeontology  of  New  York,  vol.  II.,  1852,  and  vol.  III.,  1859. 

Billings,  E.,  On  the  Cystidea  of  the  Lower  Silurian  Rocks  of  Canada  (Figures  and  Descriptions  of 
Canadian  Organic  Remains,  Decade  III.),  1858. 

Eall,  James,  Descriptions  of  some  new  Fossils  from  the  Niagara  Group  (20th  Ann.  Rept.  N.Y. 
State  Cabinet  of  Nat.  Hist.),  1867. 

Billings,  E.,  Notes  on  the  Structure  of  Crinoidea,  Cystidea,  and  Blastoidea  (Sil.  Amer.  Journ. 

Sci.  2nd  ser.),  vol.  XLVIII.,  1869,  and  XLIX.,  1870. 

Volborth,  Alex,  von,  Ueber  Achradocystites  und  Cystoblastus  (Mem.  Acad.  Imp.  Sci.  St.  Petersb., 

_ vol.  XVI.),  1870. 

Schmidt,  Fr.,  Ueber  Baltisch-SHurische  Petrefacten  (Mem.  Acad.  Imp.  Sci.  St.  Petersb.,  vol. 
XXL),  1874. 

Barrande,  Joachim,  Systeme  Silurien  du  Centre  de  la  Boheme.  Cystidees,  vol.  VIL,  1887. 
Carpenter,  P.  E.,  On  Certain  Points  in  the  Morphology  of  the  Cystidea  (Journ.  Linn.  Soc.  vol. 
XXIV.),  1891. 
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cylindrical  or  discoidal,  and  is  composed  of  quadrangular,  pentagonal,  hexa- 
gonal, or  polygonal  plates,  which  are  united  by  close  suture.  The  plates 
vary  in  number  from  thirteen  to  several  hundreds,  and  only  exceptionally 
exhibit  a regular  arrangement.  Sharp  demarcations  between  the  actinal  and 
abactinal  systems  of  jilates,  and  between  radial  and  interradial  areas  rarely 
exist ; the  plates  of  the  sides  of  the  calyx  pass  insensibly  into  those  of  the 
ventral  surface,  and  are  disposed  in  regular  cycles  only  in  a few  instances. 
The  base,  however,  is  composed  of  a distinct  ring  of  plates,  and  is  usually 
recognisable  by  the  presence  of  an  articular  surface  for  the  attachment  of  a 
stem,  or  by  being  directly  adherent  to  some  foreign  object. 

The  mouth  is  indicated  by  a central  or  subcentral  aperture  on  the  upper 
surface.  It  is  sometimes  covered  by  five  small  plates  corresponding  to  the 
orals  of  Crinoids,  and  from  it  radiate  from  two  to  five  simple  or  branching 
ambulacral  grooves.  The  second  opening  on  the  ventral  surface  is  situated 
eccentrically,  and  is  frequently  closed  by  a valvular  pyramid,  consisting  usually 

of  five  or  more  triangular 


Fig.  202. 


(JbjptospJiacritcs  LcuchtcnVcrgi,  Volborth. 
Calyx  showing  ambulacral  grooves,  iilatcd 
mouth-opening,  large  laterally  situated  anus, 
ami  small  ovarian  aperture  between  mouth 
and  anus. 


plates ; or  the  covering 
may  consist  of  a variable 
number  of  smaller  pieces. 
This  aperture,  which  was 
l egarded  by  L.  von  Buch, 
Volborth,  Forbes,  and 
Hall  as  a genital  open- 
ing, is  now  generally 
conceded  to  represent 
the  anus.  A third  smaller 
ojiening,  situated  be- 
tween the  mouth  and 
the  anus,  is  present  in  a 
few  forms  only.  The 
functions  of  this  latter 
orifice  are  not  well  un- 
dei'stood,  but  it  is  com- 


monly regarded  as  the 


I'lO.  S'.iS. 

t/,  Aristocpstites.  Sub* 
togininal  ambulacral 
grooves ; h,  Same  of 
Pyrocf^stitcs.  Enlarged 
(after  Barrande). 

ovarian  aperture,  or  genital 

pore  (Fig.  292)  Yet  another  small,  slit-like  opening,  situated  in  the  vicinity 
of  the  mouth,  was  detected  by  Barrande  in  the  genus  Aristocgstites ; but  its 
functions  are  altogether  unknown. 

The  ambulacral  grooves,  which  are  present  in  most  Cystideans,  are  usually 
simple,  although  sometimes  distally  liranching,  and  are  frequently  roofed 
over  by  alternately  arranged  covering  pieces.  In  a few  forms  {Caryocrinus, 
Cryptocrinus,  etc.)  the  grooves  are  wholly  absent.  The  genera  Aristocystites, 
I’yrocystites,  and  Craterina  are  without  exjiosed  ambulacral  grooves ; but  they 
have  instead,  as  Barrande  discovered,  a j)eculiar  system  of  five  or  six  covered 
passages  on  the  inner  surface  of  the  calyx  plates,  which  converge  towards  the 
mouth,  and  are  distally  more  or  less  branching  (Fig.  293).  These  structures, 
the  so-called  “ hydrophores  palrn<!es,”  were  homologised  by  Barrande  with  the 
hydrospires  of  Blastoids ; but  as  Neiimayr  has  pointed  out,  they  are  probably 
the  equivalent  of  subtegminal  food-grooves  in  Crinoids. 

The  calyx  plates  exhibit  most  remarkable  structural  peculiarities.  As  a 
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Fig.  294. 
Aristocystites.  Canals 


rule  they  are  more  or  less  extensively  perforated  by  pores  or  fissures ; 
although  in  some  forms  {Cryptocrinus,  Malocystites,  Ateleocystites,  etc.)  they 
appear  to  be  imperforate,  and  are  composed  of  a homogeneous  calcareous 
layer  of  greater  or  lesser  thickness,  the  same  as  in  Crinoids.  But  in  Arisfo- 
cystites,  Craterina,  Proteocystites,  Glyptosphaerites,  Echinosphaerites,  etc.,  the  plates 
are  uniformly  covered  both  externally  and  internally  with 
a very  thin,  generally  smooth,  calcareous  membrane,  which 
may  be  perforate  or  imperforate.  The  central  layer  is  of 
variable  thickness,  and  is  traversed  by  numerous  canals 
(Figs.  294,  295)  which  extend  from  the  inner  to  the  outer 
surface,  sometimes  rectilinearly  (Aristocystites,  Craterinera,  perforating  tiie  median 

X \ r-  • T vri  • 1-  J • layer  of  plate. 

etc.) ; sometimes  in  slightly  sinuous  lines ; and  in  rare 

instances  they  divide  dichotomously.  The  canals  terminate  on  either  surface 
in  small  round  apertures  or  pores,  which  are  arranged  either  singly  or  in 
pairs,  and  may  or  may  not  penetrate  the  outer  calcareous  membrane.  The 
, pores  are  commonly  situated  either  on  a tubercular  elevation,  or  in  a slight 
superficial  depression. 

But  still  more  frequent  than  the  canals  are  the  so-called  pore-rhombs  (Fig. 
296)  which  occur  indifferently  in  types  possessing  numerous  or  but  few 
calycine  plates.  The  pores  are  arranged  so  as  to  form  lozenge-shaped  or 
rhombic  figures,  in  such  manner  that  one  half  of  each  rhomb  belongs  to  one 


a h 


Fig.  295. 

Ai-istocystites.  Inner  surface'' of 
two  calyx  plates  showing  simple 
pores ; 5,  Glyptosphaerites.  Outer 
surface  of  calyx  plate  showing  double 
pores. 


Fig.  296. 

Pore-rhombs  of  (a)  Echinosphaerites^  and  h,  Caryocrinus, 
enlarged.  The  left  half  of  Fig.  a is  abraded,  so  that  the  con- 
necting tubes  appear  as  open  grooves. 


plate,  and  the  other  half  to  its  contiguous  neighbour  3 while  the  line  of  suture 
between  the  plates  forms  either  the  longer  or  the  shorter  diagonal  of  the 
rhomb.  The  pores  of  opposite  sides  of  the  rhomb  are  united  by  perfectly  closed, 
straight  ducts,  which  pass  horizontally  through  the  middle  layer  and  across 
the  line  of  suture  between  the  two  plates,  thus  producing  a transversely 
striated  appearance.  Occasionally  the  connecting  tubes  appear  on  the  outer 
surface  as  elevated  striate  rhombs  ; but  as  a rule  they  are  concealed  by  the 
above-mentioned  covering  layer,  and  are  only  visible  in  weathered  or  abraded 
specimens.  The  pores  of  the  rhombs  also  communicate  with  short  canals 
passing  vertically  through  the  plates,  the  ends  of  which  are  either  covered 
over  by  the  outer  calcareous  layer,  or  appear  on  both  surfaces  as  fine  indepen- 
dent pores.  A pair  of  oppositely  situated  pores  of  the  latter  description 
may  sometimes  receive  as  many  as  two  or  three  fine  canals,  while  in  other 
genera  they  are  entirely  wanting. 

The  pore-rhombs  are  sometimes  present  upon  nearly  all  plates  of  the  calyx, 
but  in  other  cases  they  are  only  developed  on  a certain  number  or  on  all  of 
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the  plates  forming  the  side-walls  of  the  calyx,  being  absent  from  its  upper 
surface.  In  still  other  instances  {Pleurocystiies,  Callocystites),  (Fig.  297),  the 
pore-rhombs  are  greatly  reduced  in  number,  and  occur  in  the  form  knowui  as 
“pectinated  rhombs.”  The  component  halves  of  the  latter  stand  on  contiguous 
plates  the  same  as  the  ordinary  pore -rhombs,  but  are  always  separated 
externally  by  an  interval ; frequently  the  two  parts  are  of  different  form  or 
size,  and  sometimes  one  of  them  may  become  obsolescent. 

As  regards  the  functions  of  these  canals  and  pores  (the  “hydrospires”  of 
Billings),  the  anatomy  of  existing  Crinoids  furnishes  us  with  no  positive  con- 
clusions. They  have  been  compared  with  the  pores  which  are  present  in  the 


The  arms  in  the  Cystideaiis  are  but  feebly  developed,  and  are  sometimes 
entirely  (?)  wanting,  or  they  are  but  few  in  number  (2,  3,  6,  9-13).  The  pent- 
amerous  symmetry,  so  generally  characteristic  of  Echinoderms,  pervades  neither 
the  arrangement  of  the  calyx  plates  nor  the  number  and  disposition  of  the 
arms.  The  latter  are  invariably  simple,  are  either  uniserial  or  biserial,  and 
exhibit  a ventral  groove  protected  by  covering  plates. 

In  some  genera  the  arms  attain  considerable  thickness,  but  in  others  they 
are  very  diminutive,  and  seem  to  have  closer  affinities  with  pinnulae  than  with 
the  arms  of  Crinoids.  In  the  Cullocystidae  and  A gelacrinidae,  as  well  as  in  the 
Canadian  genera,  Ainygdalocystites  and  Malocystites,  the  arms  either  recline  with 
their  dorsal  side  facing  the  calyx,  or  they  are  incorporated  into  the  calyx. 
The  ventral  side,  in  these  cases,  is  directed  outwardly,  and  the  ambulacral 
furrow  is  bordered  on  either  side  liy  a row  of  alternating,  jointed  pinnules, 
which  are  attached  by  small  articular  facets  running  parallel  with  the 
groove.  Pinnules  have  not  as  yet  been  oliserved  in  Agelacrinns,  but  the 
allied  genera,  Mesites  and  Asterohlastus,  are  furnished  with  delicate  facets  for 
their  attachment. 

The  stem,  as  a rule,  is  greatly  abbreviated,  and  is  frequently  obsolete. 
Sometimes  the  calyx  is  attached  by  the  entire  lower  surface  [Agelacrinus) ; or 
in  other  cases  by  means  of  a tubercular  process  (Echinosphaerites).  Only  in 
rare  instances  does  the  stem  appear  to  have  served  for  attachment,  since  it 
generally  tapers  distally  to  a point,  and  is  invariably  destitute  of  cirri.  The 
stem  sometimes  resembles  that  of  the  Crinoids,  in  being  composed  of  a number 
of  short,  prismatic,  or  cylindrical  joints  ; these  are  pierced  by  a wide  canal, 
and  are  either  united  by  horizontal,  striated,  articular  surfaces,  or  they  over- 


Callocystitcs  Jevetti,  Hall.  .Silurian  (Niagara  Group) ; Lnckport, 
New  York.  A,  Calyx  from  one  side  (natural  size).  II,  Ainbulacrai 
grooves  and  three  pectinated  rhombs  (r/i),  enlarged ; o,  jMouth ; 
(!?!,  Anus  ; g,  Genital  pore  (after  Hall). 


Fig.  207. 


tegmen  of  the  latter,  and 
the  rather  plausible  sugges- 
tion has  been  offered  that 
they  served  to  admit  water 
into  the  body -cavity,  and 
thus  performed  respiratory 
functions.  At  all  events, 
they  could  not  have  served 
for  the  protrusion  of  tube- 
feet,  since  they  are  fre- 
quently covered  over  by  an 
outer  calcareous  membrane, 
which  effectually  shuts  off 
communication  with  the 
exterior. 
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stride  one  another  like  the  draw-tubes  of  a spy-glass.  In  other  cases  the  upper 
part,  and  occasionally,  indeed,  the  entire  stem,  is  composed  of  vertical  rows  of 
alternating  plates.  These  plates,  as  a rule  {Dendrocystites),  enclose  a large 
central  space,  which  may  be  regarded  as  a prolongation  of  the  body-cavity. 

The  Cystideans  constitute  the  oldest  and  least  specialised  group  of  the 
Pelmatozoa.  Appearing  first  in  the  Cambrian,  they  develop  a great  variety  of 
forms  in  the  Ordovician  and  Silurian,  but  become  extinct  before  the  close  of 
the  Permian.  While  their  own  ancestry  is  obscure,  it  is  highly  probable  that 
from  them  have  descended  both  the  Crinoids  and  Blastoids.  If,  on  the  one 
hand,  the  Aristocystidae,  Sphaerodontidae,  Camarocystidae,  and  Echinosphaeritidae 
differ  radically  from  the  Crinoids  in  respect  to  their  numerously  and  irregularly 
plated  calyx,  or  as  regards  the  feeble  development  or  even  total  absence  of 
their  arms  ; nevertheless,  the  Cryptocrinidae  and  the  unfortunately  ill-preserved 
Cambrian  genus.  Lichenoides,  evince  a striking  similarity,  especially  as  concerns 
the  more  or  less  regular  arrangement  of  the  calyx  plates,  and  a certain  approach 
to  radiation.  In  fact,  so  far  as  the  construction  of  the  calyx  alone  is  concerned, 
forms  like  Porocrinus  and  Ilypocrinus  may  be  assigned  with  equal  propriety  to 
either  the  Crinoids  or  Cystids.  The  presence  of  pectinated  rhombs  and 
calycine  pores,  however,  and  the  porosity  of  the  calyx  plates,  are  characters 
which  positively  identify  them  as  belonging  to  the  latter  class. 

If  we  can  account  for  the  derivation  of  Crinoids  from  the  Cystideans  on  the 
supposition  that  the  calyx  plates  of  the  latter  gradually  took  on  a more 
definite  arrangement,  while  the  loss  of  pores  and  pore-rhombs  was  counter- 
balanced by  a stronger  development  of  the  arms  and  the  stem  ; so,  too,  it  is 
possible  to  explain  the  origin  of  the  Blastoids  from  the  same  source.  Although 
hydrospires  are  clearly  wanting  in  the  Cystids,  nevertheless,  other  characters, 
such  as  the  recumbent  attitude  of  the  arms  upon  the  sides  of  the  calyx,  or 
their  insertion  in  grooves  on  the  ventral  surface,  as  well  as  an  approach  to 
ambulacral  areas  in  certain  forms  {Asterohlastus),  predicate  an  intimate  relation- 
ship with  the  Blastoids.  Probably  the  most  notable  similarities  are  presented 
by  the  peculiarly  modified  families,  Callocystidae  and  Agelacrinidae.  Various 
attempts  have  been  made  to  affirm  a connection  between  Agelacrinus  and  the 
Asteroidea,  and  between  Mesites  and  certain  of  the  primordial  Echinoidea  (Cysfo- 
cidaris) ; but  such  hypotheses  are  scarcely  warranted,  since  they  proceed  from 
an  over-valuation  of  mere  external  resemblances,  which  are  in  nowise  indicative 
of  kinship. 

The  classification  of  the  Cystoidea  remains  in  a very  unsatisfactory  condition. 
This  is  owing  in  part  to' the  comparative  scarcity  of  material,  as  well  as  its 
frequently  imperfect  state  of  preservation  ; and  in  part  to  our  insufficient 
understanding  of  many  of  the  structural  modifications.  The  classification  of 
Johannes  Muller  was  based  primarily  upon  the  structure  of  the  calyx  plates, 
and  three  main  groups  were  recognised  : — Aporitidae,  Diploporitidae,  and  PJwmbi- 
feri.  These  divisions,  however,  embrace  a number  of  very  heterogeneous 
elements,  and  in  nowise  fulfil  the  requirements  of  a natural  system.  The 
classifications  proposed  by  Barrande  and  Steinmann  are  still  more  inadequate. 
It  is  advisable,  therefore,  to  follow  the  example  of  Neumayr  and  Bernard,  and 
merely  arrange  the  different  genera  into  families  ; the  establishment  of  larger 
divisions  being  deferred  until  the  group  shall  have  been  monographed. 
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Family  1.  Aristocystidae.  Neumayr. 


Calyx  composed  of  numerous  heavy  plates,  arranged  either  irregularly  or  in  suc- 
cessive zones,  and  covered  on  both  sides  by  a calcareous  integument.  Calyx  plates 
traversed  by  simple  canals  terminating  on  either  surface  in  j)ores  distributed  either  singly 
or  in  pairs.  Ambulacral  grooves  suhtegminal  {“  hydrophores  palnu'es”) ; arms  want- 
ing ; stem  obsolete  or  very  short.  Ordovician. 

Aristocystites,  Barr.  (Fig.  298).  Calyx  bursiform  or  ovate;  ventral  surface 
vith  four  apertures.  Ordovician  (Etage  D) ; Bohemia. 

Deutocystites,  Barr.  Ventral  surface  -with  three  apertures.  Craterina,  Barr. 
Conical,  truncate.  Pyrorystites,  Barr.  Clavate  in  form.  All  three  genera  in 
Ordovician  (Etage  D)  of  Bohemia. 


h 


Fic.  ^ns. 

ArUtocfistites  JUihcmicus,  Harr. 
Ordovician  (DdA):  Zaliorzan. 

Holiemia.  c,  Hide  view  ; Hum- 
mit  asitent  (after  Barrainle). 


Fk;. 

(ili/ptosjthrierltes  Leiicliteithrrgi , Volbortli.  Ordovician  ; St.  Petersburj;. 
a.  Calyx  seen  from  above  (natural  size);  Same  from  the  dorsal  face,  with 
stem  attached,  reduced  (fitter  Volborlh);  c,  Calyx  plates  showing  double 
pores  (enlarged). 


Fk;.  300. 

Protocrhn'trs  ovi/orniis,  Eichwald.  Ordovician  ; Pulkowa,  Russia. 
(>,  Calyx  viewed  from  above ; h,  Same  from  below  (after  Volborth). 


Family  2.  Sphaeronitidae.  Neumayr. 

Calyx  globular  or  cylindrical,  short-stemmed  or  stemless,  and.  comptosed  of  numerous 
irregularly  arranged  pilates  with  pores  united  in  p>airs.  Ambidacral  grooves  either 
open  or  protected  by  covering  plates,  and  either  short  and  simple,  m'  elongated  and, 
branching.  Arms  as  a rule  exceedingly  small  and  primitive.  Ordovician  and 
Silurian. 

Sphaeronites,  Rising.  Globose,  stemless.  Five  short  ambulacral  grooves 
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radiating  from  the  mouth  towards  the  arm  bases.  Ordovician  (Vaginaten- 
kalk) ; Eussia,  Sweden,  and  England.  S.  pomum,  Gyll. 

Glyptosphaerites,  Mtill.  (Fig.  299).  Differs  from  the  preceding  in  having 
long,  branching,  ambulacral  grooves,  and  a short,  well  - developed  stem. 
Ordovician  ; Eussia  and  Sweden. 

Protocrmites,  Eichw.  (Fig.  300).  Nearly  hemispherical,  non-pedunculate. 
Ambulacra  grooves  long  and  branching  ; arms  unknown.  Ordovician  ; Eussia. 

Fungocystites,  Barrande.  Clavate.  Ordovician  (Etage  D) ; Bohemia. 

Proteocystites,  Barrande.  Devonian  (Etage  E) ; Bohemia. 

Holocystites,  Hall  {Megacystites,  Hall).  Elongated,  cylindrical,  or  sub- 
cylindrical;  short  - stemmed  or  stemless;  with  subcentral  mouth.  Arms 
minute,  springing  from  the  ends  of  the  ambulacral  grooves.  Silurian  ; North 
America,  Gottland. 

Fucystis,  Angelin.  Ordovician.  Gompliocystis,  Hall.  Silurian. 

Family  3.  Gamarocystidae.  Barrande. 

Calyx  globose  or  discoid,  composed  of  numerous  polygonal  plates,  and  sometimes 
fixed  by  the  ventral  surface.  Interior  of  calyx  divided  into  four  to  six  compartments 
by  partitions  corresponding  in  position  to  lobes  on  the  exterior.  Stem  long  and  slender. 
Silurian. 

This  family  embraces  two  genera  whose  systematic  position  is  still  doubt- 
ful. The  larger,  Camarocrinus,  Hall  { — Lobolithes,  Barrande),  occurs  in  the 
middle  and  upper  members  of  the  Silurian  in  North  America  and  Bohemia, 
and  attains  considerable  size.  The  smaller,  Liclienocrinus,  Hall,  is  more  or  less 
crateriform,  has  a very  long,  tapering  stem,  and  is  invariably  attached  by  its 
flattened  ventral  surface.  It  is  found  in  the  Ordovician  (Hudson  Eiver 
Group)  of  North  America. 

Family  4.  Echinosphaeritidae.  Neumayr. 

Calyx  globular  or  bursiform,  adherent  or  ivith  short  stem,  and  composed  of 
numerous,  irregularly  arranged  plates,  all  of  which  are  furnished  with  pore-rhombs. 


a h c d 


Fig.  301. 


EchinosphaeHtes  aumntium,  Hising.  sp.  Ordovician  (Vaginatenkalk) ; Pulkowa,  Russia,  a,  Summit  view  of 
calyx;  6,  Calyx  seen  from  the  anal  side;  c,  Mouth,  arms,  and  covered  ambulacral  grooves;  d,  Calyx  plates 
enlarged,  showing  pore-rhombs  (cf.  Fig.  29(5). 

Ambulacral  grooves  short ; arms  two  to  five,  free,  biserial,  rarely  preserved.  Stem, 
when  present,  composed  of  several  vertical  series  of  alternately  arranged  plates. 
Ordovician  and  Silurian. 

Echinosphaerites,  Wahlenb.  (Fig.  301).  Globose,  non-pedunculate.  Mouth 
central,  ambulacral  grooves  short.  Anal  opening  protected  by  valvular 
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pyramid  ; arms  unknown.  Very  abundant  in  the  Ordovician  of  Russia  and 
Scandinavia.  E.  aurantium,  Rising,  sp. 

Arachnocystites,  Neumayr.  Like  the  preceding,  excejit 
that  it  has  strong  arms,  usually  three  in  number,  Avhich 
sometimes  attain  a length  of  10  cm.  Stem  tapering  distally 
to  a point.  Ordovician  (Etage  D) ; Bohemia.  A.  infaustus, 
Barr.  sp. 

Caryocystites,  v.  Buch  (Fig.  302).  Calyx  plates  relatively 
large.  Pore-rhombs  on  external  surface  elevated,  prominent. 
Stem  wanting.  Ordovician ; Russia,  Scandinavia,  England. 
C.  granaturn,  AVahlenb. 

Orocystites,  Barrande.  Ordovician  (Etage  D)  ; Bohemia. 
Palaeocystifes,  Billings.  Calyx  ovate  or  pyriform  ; plates 
numerous,  and  poriferous  at  the  margins.  Ordovician ; 
Canada. 

Family  5.  Cryptocrinidae.  Zittel. 

Calyx  composed  of  three  rings  of  very  finely  perforate  or  imperforate,  somewhat 
regularly  arranged  j^lAes.  Mouth  central,  surroumled  by  articular  facets  for  the 
attachment  of  small  arms.  Anus  eccentric ; stem  round  and  slender.  Ordovician 
to  Permian. 

Cryptocrinus,  v.  Buch  (Fig.  303).  Base  composed  of  three  plates,  and  sur- 
mounted by  two  zones,  each  containing  five  plates  of  unequal  sizes.  Mouth 
and  anus  enclosed  within  a 
ring  of  smaller  pieces.  Ordo- 
vician ; St.  Petersburg.  C. 
cerasus,  v.  Buch. 

Echinocystites,  Hall.  Or- 
dovician ; Xorth  America. 

Eorocrinus,  Bill.  (Fig. 

304).  Base  composed  of 
three  plates,  and  succeeded 
by  two  circlets  of  regularly 
alternating  j)ieces.  Ujiper 
cycle  giving  rise  to  five 
feeble,  uniserial  arms.  Small 
supplementary  pieces  fur- 
nished with  pore-rhombs  in- 
tercalated in  the  re-entrant  angles  between  the  calyx  plates.  Ordovician ; 
Canada,  Russia. 

Ilypocrinus,  Beyr.  Base  comjioscd  of  three  plates,  and  succeeded  by  two 
zones  of  alternately  arranged,  perforate  plates.  Mouth  central.  Permian ; 
Timor. 

Family  6.  Caryocrinidae.  Bernard. 

Calyx  composed  of  a moderate  number  of  plates  exhibiting  a more  or  less  definite 
arrangement  in  cycles.  Certain  or  cdl  of  the  side  plates  with  pore-rhombs  ; those  of 
the  ventral  surface  imperforcde.  Arms  three  to  thirteen,  free,  feeble.  Stem  constantly 
p>resent,  occasionally  long.  Ordovician  and  Silurian. 


a h 


Fig.  303. 

Cryptocrinus  cerasus,  v.  Biicli. 
Ordovician  ; Pulkowa,  Russia. 
a,  h,  c,  Calyx  from  one  side, 
from  above,  and  from  below 
(nat.  size);  m.  Mouth;  a,  Anus. 


a h 


Fig.  304. 

a,  Porocrinus  conicus,  Billings 
Ordovician  ; Ottawa,  Canada 
Nat.  size  (after  Billings);  b,  P 
rodiatus,  Beyr.  Ordovician  ; St 
Petersburg.  Calyx  plates  show 
ing  pectinated  rhombs.  Consider 
ably  enlarged  (after  Beyrich). 


Fig.  302. 

Caryocystites  grana- 
tuni,  Wahlb.  sp.  Or- 
dovician ; Oeland. 
Plates  of  the  natural 
size  showing  elevated 
pore-rhombs. 
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Hemicosmites,  v.  Buch.  Calyx  composed  of  four  basal  plates,  two  zones 
containing  six  and  nine  lateral  plates  respectively,  and  a circlet  of  six  plates 
forming  the  ventral  surface.  The  latter  carries  three  short  ambulacral 
grooves,  at  the  ends  of  which  are  situated  small  articular  facets  for  the 
attachment  of  arms.  Rhomb-pores  present  on  all  of  the  side  plates.  Ordo- 
vician ; Russia.  H.  pijriformis,  v.  Buch. 

Caryocrinus,  Say  (Fig.  305).  Calyx  hexamerous,  with  dicyclic  base. 
Infrabasals  four,  unequal ; followed  by  a second  row  (basals)  of  six  plates, 
alternating  with  ^ „ 

the  plates  of  the 
first  and  third 
cycles.  The  latter 
ring  consists  of 
eight  plates,  six 
of  which,  accord- 
ing to  Carpenter, 
represent  the 
radials,  and  two 
(the  interscapu- 
lars of  Hall)  the 
interradials.  Ven- 
tral surface 
formed  of  six  or 
more  small  pieces. 

All  plates  of  the 
cup  furnished 

with  pore-rhombs ; the  summit  plates  imperforate.  Mouth  and  ambulacral 
grooves  subtegminal.  Anus  protected  by  valvular  pyramid,  and  situated  on 
the  outer  margin  of  the  ventral  surface.  Here  also  are  placed  the  arms,  which 
are  six  to  thirteen  in  number,  and  relatively  feeble.  Stem  long,  composed  of 
cylindrical  segments.  Silurian  ; North  America  (New  York  and  Tennessee). 

Echinoencrinus,  v.  Meyer  {Si/cocysHtes,  v.  Buch),  (Fig.  306).  Calyx  com- 
posed of  four  basal  plates,  and  three  cycles  containing  five  plates  each.  All 
calycine  plates  ornamented  with  costae  or  ridges  radiating  outward  from  the 
centre.  Ventral  surface  with  short  ambulacral  grooves,  and  articular  facets 
for  the  attachment  of  three  small  arms.  Anus  removed  to  a lateral  position 
between  the  first  and  second  circlet  of  side  plates.  Three  pore-rhombs 
present ; of  these,  two  are  situated  above  the  base  on  the  side  opposite  the 
anus,  and  the  third  above  and  slightly  to  the  right  of  the  anus.  Stem  round, 
short,  tapering  distally  to  a point,  and  composed  of  hollow  segments  inserted 
one  within  the  other  like  the  draws  of  a spy -glass.  Ordovician ; Russia. 

Glyptocystites,  Billings.  Ordovician ; Canada  and  Russia. 

Homocystites,  Mimocystites,  Barrande.  Ordovician  ; Bohemia. 


Fig.  305. 

Caryocrimis  ornatus,  Say.  Silurian  ; Lockport,  New  York. 
a,  Calyx  from  one  side,  with  two  arms  attached ; h,  Summit, 
natural  size  ; c,  Inner  and  outer  surfaces  of  calyx  plate  of  the 
second  circlet,  with  pore-rhombs. 


Fig.  306. 

Echinoencrinvs 
striatus,  v.  Buch. 
Ordovician  ; St. 
Petersburg. 


Family  7.  Anomalocystidae.  Woodward. 

Calyx  more  or  less  compressed,  frequently  with  dissimilarly  plated  anterior  and 
posterior  sides.  Plates  either  imperforate  or  with  simple  pores  ; pore-rhombs  absent  or 
hut  few  in  number.  Arms  free  ; stem  short,  tapering  distally  to  a point.  Cambrian 
to  Silurian. 
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Trochoci/stites,  E;irr.  Calyx  strongly  compressed.  Plates  of  the  right  and 
left  sides  large,  those  of  both  the  anterior  and  posterior  small,  polygonal. 
All  plates  perforate,  but  without  pore-rhombs.  Ventral  surface  with  three 
„ j apertures.  Stem  coin- 


several  vertical 
Cam- 


posed  of 
rows  of  ])lates. 
l)i'ian  ; Bohemia,  Spain, 
Northern  France. 

MUrocysfites,  Barr. 
Like  the  preceding,  ex- 
cei>t  that  one  side  of  the 
calyx  is  composed  of  toler- 
ably large,  and  the  other 


of 


Ordo- 


Kkl  307. 

J'lmrocustitf's  aquomosusj  Hillings.  Ordovician  ; Ottawa,  Canada. 
a,  Calyx  from  the  antcritir  side  ; iSanm  from  tlie  anal  side  ; c,  Anns, 
enlarged.  Itightand  left  reversed  (after  liillings). 


small  plates, 
vician  ; Bohemia. 

A nomalocystites. 

(A  eteleocystifes, 
Calycine  plates 
and  more  numerous  on 
the  convex  side  than 
the  concave.  Anus 
veiy  low  down 


Hall 

Bill.) 

smaller 


on 


situated 
Ordovician  and 


Silurian;  North 


on  the  convex  side.  Arms  feeble,  filiform 
America,  England,  Bohemia. 

Balanocydites,  Dendrocystites,  Barr.  Ordovician  ; Bohemia. 
rieurocy sides,  Bill  (Fig.  .‘307).  Convex  side  with  large  plates 
in  cycles ; flattened  side  covered  with  very  minute  plates.  Three  isolated 
pore-rhombs  borne  on  the  convex  side.  Arms  two  in  number,  robust.  Stem 
round,  tapering  distally  to  a point.  (3rdovician  ; Canada. 


arranged 


A 


Kk;.  30s. 

Pseudorrinitrs  qiiadrifusc'wtiia, 
Pearce.  Silurian  ; Tividalo,  Eng- 
laiul.  A,  Calyx  from  one  side. 
li.  Summit,  showing  mouth  (m),  anus 
(r;),  and  tlircc  of  tlm  arms.  The 
fotirtli  arm  (/)  broken  away,  exposing 
flattened  surhice  of  calyx. 


A 


n 


Kio.  300. 


CctUnqiMites  Hall.  Silurian  (Niagara  Group);  Lockport, 

New  York.  A,  Calyx  from  one  side  (natural  size).  Ji,  Ambulacral 
grooves  and  three  pe,ctinate<l  rhombs  (r/i),  enlarged;  o,  Mouth; 
U7J,  Anus  ; //,  Genital  pore  (after  Hall). 


Family  8.  Callocystidae.  Bernard. 

Calyx  composed  of  large  plates  arranged  in  three  or  four  cycles,  and  exhibiting 
three  to  five  pectinated  rhombs,  the  component  halves  of  which  stand  on  contiguous  plates, 


CLASS  II 


CYSTOIDEA 


187 


and  are  separated  by  an  interval.  Mouth  slit-like,  and  forming  the  centre  of  radia- 
tion for  two  to  five  pinmdate  arms  which  are  protected  by  covering  pieces,  and  either 
repose  upon  the  calyx,  or  are  sank  below  the  surface  in  grooves.  Stem  well  developed, 
tapering  distally  to  a point.  Ordovician  and  Silurian. 

Pseudocrinites,  Pearce  (Fig.  308).  Calyx  ovate,  two-  to  four-sided,  and 
composed  of  four  cycles  of  polygonal  plates.  Anus  closed  liy  valvular 
pyramid,  and  occupying  a lateral  position.  Pore-rhombs  three  in  number ; 
one  placed  above  the  base,  the  remaining  two  to  the  right  and  left  of  the 
anus.  Arms  two  to  four,  recumbent  upon  the  calyx,  extending  to  the  base, 
and  beset  with  biserial  jointed  pinnules.  Stem  robust.  Silurian  ; England. 

Lepadocrinus,  Hall ; Apiocystites,  Forbes.  Silurian. 

Callocystites,  Hall  (Fig.  309).  Calyx  with  four  pore-rhombs.  Arms  some- 
times bifurcating.  Silurian  ; North  America. 

? Hybocystites,  Wetherby.  Ordovician. 


Family  9.  Agelacrinidae.  Hall. 

Calyx  composed  of  a large  number  of  small,  irregularly  arranged  plates,  and 
either  furnished  with  a short  stem,  or  fixed  by  a broad  base.  Plates  pierced  by  pores, 
usually  united  in  pairs.  Mouth  central;  anus  eccentric,  provided  with  valvular 
pyramid.  Arms  placed  in  radial  grooves  on  exterior  of  the  calyx,  and  protected  by 
covering  plates.  Ordovician  to  Carboniferous. 

Agelacrinus,  Vanuxem  (Fig.  310).  Calyx  in  the  form  of  a depressed  or 
convex  disk,  stemless,  and  attached  by  the  entii'e  under  surface ; composed  of 
numerous,  small,  polygonal,  usually  imbricating  plates,  which  are  perforated 


Fig.  310. 


Agelacrimt.s  Cincinnaticnsis,  Roemer. 
Ordovician ; Cincinnati,  Ohio.  Indi- 
vidual of  the  natural  size  adherent  to 
shell  of  Strophomiena  alternata. 


Fig.  311. 

Asferohlastus  steUatiis,  Eichwald.  Ordovician ; 
Pulkowa,  Russia.  Natural  size  (after  Schmidt). 


by  fine,  and,  for  the  most  part,  conjugate  pores.  Mouth  surrounded  by  four 
oral  plates ; radiating  from  this  are  five  small,  more  or  less  curved  arms, 
which  are  embedded  in  grooves  on  the  outer  surface,  and  are  protected  by  a 
double  row  of  covering  plates.  Ordovician  ; North  America  and  Bohemia. 
Rare  in  Silurian,  Devonian,  and  Carboniferous. 

Sub-genera: — Lepidodiscus,  Hemicystites,  Cytaster,  Hall;  Edrioaster,  Billings. 
Ordovician;  North  America. 

Mesites,  Hoffmann.  Globose,  with  truncate  base,  jirobably  pedunculate. 
Calyx  plates  small,  polygonal,  and  exhibiting  conjugate  pores.  Arms  five, 
very  small,  embedded  in  radial  grooves,  and  protected  by  covering  plates  ; the 
latter  are  furnished  with  articular  facets  for  the  attachment  of  pinnules,  and 
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are  separated  liy  small  furrows  conducting  into  the  ambulacral  grooves.  Anus 
closed  by  a valvular  pyramid.  Ordovician  ; Russia,  Bohemia. 

Asterohlastus,  Eichw.  (Fig.  311).  Calyx  gemmiform,  pentagonal,  pedun- 
culate, and  composed  of  innumerable  rigidly  united  plates  which  are  per- 
forated by  conjugate  pores.  Upper  surface  marked  by  five  large  petaloid 
or  stellate  areas,  which  are  covered  with  alternating  jilates,  and  correspond 
to  the  recumbent  arms  of  Agelacrimis.  Ordovician  ; Russia. 

Tiamcrinus,  Schliit.  {Staurosoina,  Barr.)  Uevonian  ; Eifel,  Bohemia. 

Range  and  Distribution  of  the  Cystoidea. 

Not  only  are  the  Cystideans  wholly  extinct,  but  they  also  constitute  the 
oldest  known  group  of  the  Pehnatozoa.  They  are  represented  in  the  Cam- 
brian by  a number  of  poorly  preserved  forms,  whose  affinities  are  in  many 
cases  doubtful  {Protoajstites,  MacrocysieUa,  EocystUes,  Lichenoides,  Trochoc.ysfiies). 
They  attain  the  climax  of  their  development  in  the  Ordovician  and  Silurian, 
whereupon  they  suddenly  diminish  in  numbers,  and  with  the  close  of  the 
Carboniferous  they  entirely  disappear.  Of  the  250  species  that  have  been 
described,  scarcely  a dozen  are  found  in  strata  above  the  Silurian. 

Although  a few  forms  {Echinosphaerites,  Aristocysiifes,  Caryocystifes)  appear 
in  considerable  abundance  in  certain  formations,  and  occasionally  fill  up 
whole  beds,  the  majority  are  of  comparatively  rare  occurrence.  The  arms 
and  pinnules  are  oidy  exceptionally  preserved,  owing  to  their  fragile  con- 
stitution ; and  the  stem  is  also  usually  lost. 

Cystideans  are  found  most  jdentifully  in  the  Ordovician  rocks  of  St. 
Petersburg,  Russia,  and  in  the  Silurian  localities  of  Oeland,  Gottland,  Sweden, 
AValcs,  and  Bohemia  (Etage  D).  The  Bohemian  specimens  are  usually  pre- 
served in  the  form  of  casts  and  moulds,  and  are  contained  in  silicious  or 
argillaceous  slates.  The  Chazy  and  Trenton  limestones  of  Canada,  New  York, 
Ohio,  and  Indiana  also  yield  a large  variety  of  forms. 

Excellently  ])reserved  s})ecimens  of  Psewlocrinifes,  Apiocystites,  Erhinoen- 
crinus,  and  ylnomulocysfites  uve  obtained  from  the  Silurian  limestones  of  Dudley 
and  Tividale,  England  ; similar,  and  in  part  vicarious  forms  (Lepadoermus, 
CaUocystitcs,  Caryorrinus)  being  found  in  the  Silurian  (Niagara  Group)  of  North 
America.  Otdy  scanty  remains  are  known  from  the  Devonian  [Proteocystites, 
AnomaJucystites,  Ayelacrinus,  and  'Piaracrinus) ; and  but  two  genera  {Ayela- 
crinns  and  Lepadocrinns)  ai’e  represented  in  the  Lower  Carboniferous.  The 
last  surviving  genus  is  llypocrimis,  which  is  confined  to  the  Permo-Carbon- 
iferous of  Timor. 


Class  3.  BLASTOIDEA.  Say.i 

Exfinrf,  short-stemmed,  or  stemless  Pehnatozoa  with  a large  rigid  calyx,  which 
resembles  a jlowerd>ud  in  shape,  and  is  generally  composed  of  thirteen  principal 

' Srty,  Thomas,  Observations  on  some  Species  of  Zoophytes,  etc.  (Am.  .Journ.  Sci.  vol.  II.),  1820. 
Say,  Thomas,  On  two  Genera  ami  several  Species  of  Crinohls  (.Journ.  Acad.  Nat.  Sci.  Philad.  vol. 

IV.  ]).  289),  1825.  (Also  in  Zool.  .Journ.  vol.  II.  p.  311),  1825. 

Hoemer,  Ferdinand,  Monographie  der  fossilen  Crinoideenfandlie  der  Bla.stoideen  (Tro.scliel’s  Archiv. 

fiir  Xaturgeschichte,  Bd.  XV'II.  ])p.  326-397),  1852. 

Rafc,  John,  Notes  on  Echinodermata  (Geol.  Mag.,  Dec.  1,  vol.  II.),  1865. 
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plates ; with  recumbent  ambulacra,  which  support  at  their  lateral  margins  numerous 
pinnule-like  appendages,  and  are  provided  along  their  inner  floor  with  lamellar  t ubes 
known  as  hydrospires. 

The  calyx  is  clavate,  pyriform,  ovate,  or  globose,  frequently  pentangular 
at  its  upper  face,  and  composed  of  plates  which  are  firmly  united  among 
themselves.  The  plates  of  the  abactinal  system  are  arranged  in  three  suc- 
cessive cycles,  represented  by  the  basals,  radials,  and  interradials.  The 
plates  of  the  actinal  system  comprise  the  summit  plates  and  the  ambulacra. 

The  basals  consist  of  two  plates  of  equal  size,  and  a third  smaller  one, 
which  is  directed  invariably  toward  the  right  anterior  interradius.  Eesting 
upon  the  basals  are  five  V-shaped,  usually  equal  radials  (commonly  known 
as  ^‘forked  plates  ”),  ivhose  superior  margins 
are  more  or  less  deeply  incised  by  the  radial 
sinuses.  The  term  sinus  is  applied  to  the  open 
space  between  the  two  prongs  or  limbs  of  the 
plate. 

Succeeding  and  alternating  with  the  radials, 
and  resting  upon  their  limbs,  are  five  interradial 
or  deltoid  plates,  which  vary  excessively  in  size. 

In  some  species  they  occupy  a large  part  of  the 
sides  of  the  calyx,  and  in  others  they  are  confined 
to  the  upper  face.  In  Elaeacrinus  and  certain 
species  of  Granatocrinus,  the  deltoids  extend  down 
so  far  into  the  calyx  as  to  constitute  more  than 
half,  or  nearly  the  whole  of  its  sides,  while  the 

radials  are  so  short  as  to  be  almost  invisible  in  a orVieiToVds’  ’’  ’ 

side  view.  Most  writers  refer  the  deltoids  to  the 

plates  of  the  tegmen,  but  they  properly  form  a part  of  the  dorsal  cup.  Only 
a part  of  the  deltoids  is  exposed  to  view,  their  sides  being  23i’ovided  with 
flanges  which  are  covered  by  the  proximal  ends  of  the  ambulacra.  The  name 
deltoid  has  reference  to  the  exposed  jiart  of  the  plates,  which  in  most  forms  is 
triangular  or  rhomboidal  in  outline. 

The  radial  sinuses  between  the  limbs  of  the  radials  and  the  sujierjacent 
deltoids  are  filled  by  the  ambulacral  flelds  or  ambulacra  pseudoambulacra”  of 
Eoemer).  The  ambulacra  vary  in  form  from  jietaloid  to  narrow  lanceolate  or 
linear,  and  extend  from  the  summit  of  the  calyx  to  the  distal  ends  or  lips  of 
the  radial  sinuses.  The  open  sjiace  in  which  the  ambulacra  meet,  the  so-called 
^‘summit-opening,”  is  pentangular,  and  central  in  ^^osition.  Ordinarily  this 
space  is  unobstructed,  but  in  well-preserved  sjiecimens  it  is  covered  by  a 
greater  or  lesser  number  of  minute  calcareous  jiieces  (Fig.  313) ; these  may  be 
either  regularly  or  irregularly  arranged,  but  leave  at  each  angle  of  the  summit- 
opening a small  passage-way,  by  means  of  which  the  ambulacra  communicate 
with  the  peristome.  The  mouth  is  invariably  subtegminal. 

[The  summit  structure  is  rarely  observed.  The  covering  in  Elaeacrinus 
consists  of  five  asymmetrical  orals  ; similar  orals,  surrounded  by  smaller  ^ilates, 
are  present  in  Orophocrinus,  and  in  Schizoblastus  Sayi ; but  in  Granatocrinus 

Billings,  E.,  Notes  on  the  Structure  of  Criuoidea,  Cystidea,  and  Blastoidea  (Am.  Journ.  Sci.  2nd. 
ser.  vols.  XLVIII.,  XLIX.,  and  L.),  1869-70. 

Etheridge,  R.,  and  Carpenter,  F.  II.,  Catalogue  of  the  Blastoidea  in  the  Geological  Department  of 
the  British  Museum,  1886.  [Complete  bibliography,  pp.  303-310.] 


Pentremites  Godoni,  Defr.  sp.  Dia- 
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Norwoodi  and  in  Cryptocrinns  melo,  the  summit  is  paved  by  numerous,  very 
minute,  irregularly  arranged  pieces.  In  the  genus  Penfremites,  as  observed  in 
five  or  six  species,  the  summit  is  surmounted  by  a pyramid  formed  of  five 
elongate,  tapering  spines,  the  outermost  of  which  are  shorter  than  the  rest. 
This  pyramid  not  oidy  conceals  the  summit-opening,  but  also  extends  over 
the  greater  part  of  the  spiracles  and  the  anal  aperture ; but  it  leaves  at 


.1 


Fig.  313. 


A,  Granatocrimcs  Norwoodi,  O.  and  8.  Upper  face  of  perfect  specimen,  with  mouth  and  anus  (a)  closed  by 
plates.  Spiracles  (sp)  separate.  Ji,  Orophocrinus  steUi/ormis,  O.  and  S.  Upper  face  witli  closed  peristome  and 
exposed  anus.  Spiracles  slit-like.  C,  Penfremites  snlcatus,  Roem.  Central  mouth-opening  surrounded  by  live 
spiracles,  the  posterior  one  conHuent  witli  the  anns.  D,  Crfiptohlastus  melo,  ().  and  S.  sp.  Upper  face  with 
central  mouth-opening,  large  anus,  and  eight  spiracles  (after  Carpenter). 


communicating 


with  the 


openings 


were 

aper- 

now 

The 


the  median  line  of  each  ambulacrum  a channel 
peristome.] 

The  summit  in  most  Blastoids  is  surrounded  by  a cycle  of  five  pairs  of 
and  between  the  two  posterior  ones  there  is  usually  interposed 

a single  additional  aperture. 
The  former  were  regarded  by 
Koemer  as  connected  with  the 
genital  system,  and 
called  by  him  “ovarian 
fares  ” ; but  they  are 
known  as  the  spiracles. 
other  opening  which  pierces 
the  upper  end  of  the  posterior 
deltoid  is  the  anus. 

The  form  and  arrange- 
ment of  the  spiracles  is  ex- 
tremely variable ; they  may 
be  round  or  slit-like  ■,  they 
may  consist  of  ten  separate 
openings,  or  those  of  the  same 
pair  may  be  confluent  with  one' 
another ; and  the  posterior 
pair  may  be  fused  both  with 
each  other  and  with  the  anus, 
in  which  case  the  fifth  or 
posterior  sjiiracle  is  considerably  larger  than  the  others.  Granatocrinus, 
Penfremites,  Pentremitidea,  etc.  (Fig.  314,  A),  are  examples  of  the  latter  case; 
Granatocrinus  having  five  circular  orifices  with  tube-like  projections,  while  in 
Penfremites  and  Pentremitidea  the  four  smaller  spiracles  are  divided  into  two 
compartments  by  the  terminal  median  ridge  of  the  deltoids.  The  posterior 


Fig.  314. 

.•I,  Penfremites  Godnni,  Dnfr.  sp.  Upper  face  with  amhulacral 
fields  in  various  states  of  pre.servation.  a,  Ambiilacruin  after  tlie 
removal  of  lancet- and  siile-plates  ; hydrospires  exposed  ; h,  Lancet- 
plate.  witli  upiier  surface  denmled  by  weathering:  e,  Perfectly  pre- 
served lancet-plate  bordered  by  si<le-plates  ; d,  The  same,  but  with 
tninsverse  markings  of  lancet-plate  obliteratcMl ; e,  Ambulacrum 
covered  with  pinnules  (after  Itoemer).  /?,  Phaeaoschismei  acuinm. 
Sow.  sp.  Upj)cr  face,  enlarged;  «,  Ambulacrum  after  removal  of 
the  lancet-  and  side-plates:  hy«lrospire  slits  (/i>/)  cutting  through 
radials  and  deltoids  ; h,  r,  Ambulacra  in  which  lancet-plates  (/) only 
are  preserved;  d.  e.  Ambulacra  intact;  lancet-jdate  concealed  by 
side-plates  (after  Etlieridge  and  Carpenter). 
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spiracle  in  the  two  latter  genera  is  divided  by  a duplicate  ridge  into  three 
compartments ; of  these  the  middle  one  enters  the  inner  cavity,  and  the  two 
! outer  ones  communicate  with  the  hydrospires  by  means  of  the  hydrospire 
i canal.  In  Troodocrinus,  Schizoblastus,  and  Cryptoblastus  (Fig.  313,  D)  the 
* posterior  spiracles  are  confluent  with  the  anus,  while  those  of  the  four  regular 
sides  are  separated.  Elaeacrinus,  Mesoblasius,  and  Acentrotremites  have  ten 
separate  spiracles,  and  a large,  distinct  anal  aperture.  The  typical  Codasteridae 
[Cadaster  and  Phaenoschisma),  in  which  the  hydrospires  are  exposed  externally, 
have  no  spiracles  and  no  hydrospire  canal.  Orophocrinus  (Fig.  313,  B)  has 
ten  elongate  clefts  extending  along  the  sides  of  the  ambulacra ; but  these  are 
in  reality  the  unclosed  portions  of  the  radial  sinuses,  and  correspond  to  the 
, open  hydrospire  canals  of  Pentremites,  which  are  apparent  upon  the  removal  of 
I the  side-plates. 

The  ambulacra  are  usually  depressed  below  the  general  level  of  the  calyx, 
i but  are  sometimes  raised  above  it,  or  they  may  be  placed  in  the  same  plane 
I with  it.  They  vary  in  form  from  narrow 
! linear  to  broad  petaloid,  and  are  considerably 
; complicated  in  structure  (Fig.  315).  The 
; centre  of  each  ambulacrum  is  occupied  by  the 
I lancet-plate,  a long,  narrow  piece,  pointed  at 
I both  ends,  which  extends  to  the  full  length  of 
the  fields.  Its  proximal  end  is  inserted  be- 
tween the  deltoids,  and  takes  part  in  the  lip 
around  the  summit-opening.  The  upper  sur- 
face of  the  plate  is  excavated  along  the  median 
line,  and  forms  an  open,  well-defined  groove, 
which  conducts  to  the  mouth,  and  in  all  prob- 
ability represents  the  food-groove.  The  in- 
terior of  the  plate  is  traversed  by  an  axial 
canal,  which  communicates  by  means  of  the 
ambulacral  opening  with  an  oral  ring  belonging 
to  the  water-vascular  system.  In  a number  of 
forms  [Pentremites,  Orophocrinus)  there  is  to 
be  seen  a second,  smaller,  and  extremely  thin 
plate  underlying  the  median  portion  of  the  first ; this  is  called  the  under 
lancet-plate. 

The  lancet-plate  rarely  occupies  the  full  width  of  the  ambulacral  field,  and 
the  spaces  between  its  lateral  edges  and  the  sides  of  the  radial  sinus  are  either 
wholly  or  partially  covered  by  a row  of  small,  horizontally  elongated  side-plates 
[“pore-plates”  of  Eoemer).  In  Pentremites,  Orophocrinus,  and  other  genera,  an 
additional  series  of  still  smaller  pieces,  called  the  outer  side-plates  (“  supple- 
mentary pore-plates  ” of  Eoemer),  are  placed  between  the  side-plates  and  the 
walls  of  the  radial  sinus.  Pentremites  and  Cryptoschisma  have  the  entire  upper 
surface  of  the  lancet-plate  exposed  to  view,  and  the  side-plates  are  situated 
alongside  of  it  in  the  same  plane.  But  in  other  forms  the  lancet-plate  is 
wholly,  or  to  a very  large  extent,  concealed  by  the  side-plates  (Fig.  315,  B), 
so  that  as  a rule  only  a small  space  along  the  food-groove  is  visible.  The 
sutures  between  the  side-plates  are  indicated  by  shallow,  horizontal  grooves, 
which  are  continued  as  superficial  markings  over  both  halves  of  the  lancet- 
plate  as  far  as  the  median  ambulacral  groove.  These  crenulations,  it  should 


A B 


Fig.  315. 

A,  Pentremites  pyriformis,  Say.  Portion 
of  an  ainbulacruiii,  exhibiting  the  lancet- 
plate  (/) ; median  food-groove  of  the  same 
(a) ; side-plates  (s) ; outer  side-jdates  (e) ; 
and  marginal  pores  (p).  5/j  (after  E.  and 

C.)  B,  Ambulacrum  of  Elaeacrinus.  Letter- 
ing as  in  A (after  Roemer). 


192 


ECHINODERMATA— PELMATOZOA 


SUB-KINGDOM  III 


be  noted,  are  frequently  eflaced  in  rveathered  specimens  (Fig.  315,  A and  B)} 
Small  ])it-like  depressions,  or  small  tubercles,  -which  are  observable  on  the  side- 
plates,  indicate  the  places  rvhere  the  appendages  or  pinnules  were  formerly 

attached.  These  are 


only  exceptionally 
found  intact,  but 
when  preserved  they 
completely  conceal 
theambulacral  fields, 
and  extend  upward 
above  the  summit  of 
the  calyx  (Fig.  316). 
They  vary  consider- 
ably in  length,  even 
among  species  be- 
longing to  the  same 
genus. 

In  most  Blastoids 
the  side-plates,  or 
the  outer  side-plates 
■when  such  are  present,  are  pierced  by  marginal  pores  (or  hydrospire  pores),  which 
communicate  with  the  hydrospires.  The  pores  are  situated  at  the  extreme 
outer  margins  of  the  plates,  at  the  end  of  the  lateral  ridges,  and  alternate  in 
position  with  the  sockets  of  the  pinnules.  They  are  present  in  all  forms. 


I'lG.  310. 


a.  Pinnule  of  Pcntirmites,  enlar^^ed  ; 
h,  (iranatocrinus  Xorwoodi,  O.  an<l  8., 
with  xierfectly  jireserved  i)innules  (after 
Meek  and  Worthen). 


Sub- 

Trans- 


Peutremitcs  suicntus,  Say. 
Carboniferous ; Illinois, 
verse  section  of  calyx  at  about  V3 
the  height  of  the  ainbulacral  fields. 
X 1 1/2*  Hydrospires;  ?,  Lancet- 
I)late  ; Pore*i)lates ; r,  Radials. 


Transverse  sections  through  the  ainbulacral  fields,  showing  various  forms  of  hydrospires.  A,  Granatocrinvs 
Derbi/ensis.  P>,  Ciroiuitocrinus  Norwoodi.  C,  M^tahlaatus  lincatHS.  1),  Oropkocriiius  verus.  All  sections  enlarged 
(after  Etheridge  and  Carpenter). 


having  the  hydrospires  concealed  within  the  calyx  ; but  are  absent  in  the 
Codasferidae,  in  which  the  hydrospires  are  wholly  or  in  part  exposed  on  the 
outer  surface. 

The  hyilrospires  are  bundles  of  flattened,  lamellar  tubes,  extending  under- 

* [Acooi'diiig  to  Wachsmutli  these  markings  are  not  a mere  ornamentation  ; l)ut  the  ridges  consti- 
tute the  shies,  and  tlie  depressions  tlie  floors  of  a series  of  small  ducts  leading  from  the  pinnules  to 
tlie  median  amlmlaeral  gi’oove.  In  a numher  of  e.xcellently  preserved  specimens  observed  by  this 
ilistinguished  author  (!‘ent remiles,  Omphucriiius,  and  Srhizohlnstus],  not  only  the  longitudinal  groove, 
but  also  the  side  grooves  throughout  the  entire  tiehl  were  roofed  over  by  alternately  arranged,  very 
minute  plates,  e.xtending  all  the  way  to  the  pinnules.  The  arrangement  of  the  side  duets,  their 
upward  curvature  on  approaching  the  main  canal,  and  their  relations  to  the  pinnules,  leaves  scareely 
a doubt  that  they  were  closed  food-grooves  serving  to  conduct  nutriment  from  the  pinnules  to  the 
mouth. 

It  is  ((uestionalde  whether  the  term  “ pinnules  ” is  -strictly  appropriate  as  applied  to  the  appendages 
of  Blastoids,  for  while  the  latter  evidently  performed  the  function  of  arms,  it  is  by  no  means  certain 
that  they  di.scharged  the  ova,  which  is  the  special  office  of  pinnules  in  Crinoids.  The  statement  that 
the  appendages  are  frequently  biserial  does  not  agree  with  the  observations  of  V/achsmuth.  All  the 
specimens  examined  by  this  writer  are  uniserial,  but  the  o.ssicles  are  .sometimes  sharply  wedge-shaped, 
and  interlock  to  a slight  extent  from  opposite  sides,  thus  simulating  a biserial  arrangement. — TkaNS.] 
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neath  the  lancet-  and  side-plates,  in  a direction  parallel  with  the  boundaries  of 
the  ambulacral  fields.  They  begin  at  the  lower  end  of  the  ambulacra,  and 
terminate  in  the  hydrospire  canals,  of  which  the  spiracles  form  the  external 
apertures.  'When  the  spiracles  are  confluent,  the  canals  of  adjacent  groups  of 
hydrospires  enter  the  same  opening.  The  hydrospires  are  suspended  in  the 
majority  of  forms  along  the  walls  of  the  body-cavity  {Fentremites),  (Fig.  317), 
being  attached  either  to  the  outer  margins  of  the  under  lancet-plate  or  to  a 
separate  piece  known  as  the  htjdrospire plate  (Gninatocrinus,  Mesoblastus,  and  Crypto- 
blastus).  Fentremites  has  from  four  to  nine  hydrospires  in  each  group  ; Granato- 
crinus  two,  or  exceptionally  one ; Troostocrinus  and  Mesoblastus  generally  three, 
and  Orophocrinus  from  five  to  seven  (Fig.  318,  A to  It).  In  Fhaenoschisma  and 
Cadaster  (Fig.  323)  the  tubes  open  externally  by  slits  piercing  the  radials  and 
deltoids  and  running  parallel  with  the  ambulacra. 

The  functions  of  the  hydrospires  can  only  be  surmised,  but  they  are 
supposed  to  have  served  for  respiration  ; they  correspond  doubtless  to  the 
pectinated  rhombs  and  calycine  pores  of  the  Cystideans  and  to  the  respiratory 
pores  of  Crinoids.  It  is  probable  that  water  was  admitted  to  the  hydrospire 
sacs  through  the  marginal  pores,  and  was  discharged  through  the  spiracles. 
Roemer  and  Forbes  have  suggested  that  the  hydrospires  may  also  have  per- 
formed reproductive  functions.  Ludwig  has  called  attention  to  the  resemblance 
between  the  genital  bursae  of  Ophiuroids  and  the  slit-like  spiracles  in  Oropho- 
crinus; his  theory  is  that  the  hydrospires  served  both  for  purposes  of  respiration 
and  for  the  discharge  of  genital  products,  a view  which  was  also  shared  by 
Carpenter. 

The  stem  in  Blastoids  is  preserved  only  in  exceedingly  rare  instances.  It 
is  round,  provided  with  a small  axial  canal,  and  composed  of  short  joints, 
which  apparently  multiplied  in  a similar  manner  as  in  the  Crinoids.  In  Oro- 
phocrinus  and  Fentremites  it  has  been  traced  for  a length  of  15  cm.  without 
reaching  the  end ; and  in  the  latter  form  it  has  occasionally  been  found  with 
a few,  comparatively  heavy,  radicular  cirri. 

It  has  frequently  been  claimed,  owing  to  the  superficial  resemblance  of  their 
ambulacral  areas,  that  the  Blastoids  and  Echinoids  are  mutually  related ; but 
such  presumptions  are  founded  upon  a total  misconception  of  the  value  of 
external  characters.  The  construction  of  the  calyx,  the  presence  of  pinnules, 
and  the  stemmed  condition,  are  features  which  identify  them  unmistakably  as 
Felmatozoa ; and  their  nearest  relatives  under  this  group  are  the  Cystideans. 
The  parallelism  between  the  ambulacral  fields  of  the  one  class  and  the  recumbent 
arms,  apparently  soldered  on  to  the  calyx  of  the  other,  is  self-evident.  The 
hydrospires  of  Blastoids  correspond  to  the  pore-rhombs  of  Cystideans,  as  has 
already  been  remarked ; and  the  position  of  the  mouth  and  anus  is  the  same 
in  both  types.  The  Blastoids  constitute  a peculiar,  but,  on  the  whole,  a very 
well-defined  group,  which  is  now  regarded  as  of  equal  rank  with  the  Crinoids 
and  Cystids. 

Blastoids  have  not  been  recognised  as  such,  up  to  the  present  time,  in 
strata  lower  than  the  Silurian  ; but  it  is  possible  that  several  genera  occurring 
m the  Ordovician  of  North  America  and  Russia  {Blast oidocriivus,  Asteroblastus, 
etc.),  wLich  are  now  referred  to  the  Cystids,  may  eventually  be  transferred  to 
the  Blastoidea.  The  only  known  Silurian  form  is  Troostocrinus,  which  occurs 
sparsely  in  the  Niagara  Group  of  North  America.  Several  genera  are  repre- 
sented in  the  Devonian,  being  distributed  in  both  Europe  and  America,  but 
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the  climax  of  IJlastoid  development  takes  place  in  the  Suh-Carlioniferons  of 
North  America.  Some  of  the  lieds  of  the  Kaskaskia  (Iroup  are  fairly  charged 
rvith  their  remains,  which  as  a ride  are  excellently  iireserved  ; but  above  this 
horizon  no  traces  of  them  have  as  yet  been  discovered.  Nineteen  genera, 
comprising  ujiwards  of  120  sjiecies,  are  recognised  by  Etheridge  and  Carpenter 
in  their  admirable  monograph. 


Order  1.  REGULARES.  Etheridge  and  Carpenter. 

Pedunculate  Blastoids  with  a si/imnetrical  base,  in  which  the  radials  ami  ambulacra 
are  all  equal  and  similar. 


Family  1.  Pentremitidae.  d’Orbigny. 

Base  usualhj  convex,  and  often  much  elongated.  Sqnrucles  Jive,  but  sometimes  more 
or  less  cornpletelg  divided  bg  a median.  seq)tum,  and  bounded  proximalh/  btj  the  upper- 
most sule-plates.  Lancet-plate  either  entirehj  visible  or  partiallg  covered  bg  side-plates 
which,  extend  to  the  margins  of  the  ambulacra.  Ilgdrospires  concentrated  at  the  lowest 
part  of  the  radial  sinus.  Devonian  and  Suli-Carboniferoiis. 

Pentremites,  Say.  Calyx  usually  ovate  or  jiyriform,  with  elongate,  sub- 
truncate base.  Ambulacra  broad,  sub-jietaloid.  Lancet-plate  wholly  exposed, 

and  resting  lielow  on  an  under  lancet-plate. 
Side-plates  and  outer  side-plates  numerous, 
the  former  abutting  against  the  edges  of  the 
lancet -plates.  Ilydrospires  three  to  nine; 
spiracles  single,  or  occasionally  double  ; the 
two  of  the  ])osterior  side  confluent  with  the 
anus,  and  forming  with  it  a single  large 
orifice.  Summit  covered  by  numerous  sjiines, 
])laced  closely  against  one  another  so  as  to 
form  a jiyramid,  which  comjdetely  covers 
the  summit  and  the  greater  portion  of  the 
spiracles.  E.xcessively  aliundant  in  the  Sub- 
Carl)oniferous  of  North  America  (St.  Louis 
and  Kaskaskia  Groujis),  Imt  not  identified 
in  Europe.  P.  Godoni,  Defrance,  and  P.qnjri- 
formis.  Say,  are  the  most  familiar  species. 

Pentremitidea,  d’Orb.  Calyx  clavate- 
])yramidal,  with  elongate,  usually  conical 
base,  and  truncate  or  convex  upper  face. 
Ambulacra  narrow,  short ; lancet-plate  more 
or  less  completely  concealed  by  side-plates. 
Deltoids  very  small,  generally  confined  to  the  upjier  face  of  the  calyx,  and 
seldom  visible  in  a side-view.  Sjiiracles  and  hydrospircs  as  in  the  jirecediiig. 
Lower  and  Middle  Devonian;  Eifel,  Ardennes,  Spain,  Great  Britain,  and 
North  America.  ]\  Pailletti,  de  A"ern.  ; P.  Eifelianus,  Koemer;  P.  clavatus, 
Schultze. 

Mesoblastus,  E.  and  C.  Calyx  oval  to  globose,  with  concave  to  jn’otubei’ant 
base.  Kadials  long,  deltoids  small,  short,  unequally  rhombic.  Ambulacra 


iMii.  ai!). 

l‘t'  nt  rc  m ! t c s 
fiinhnii, 

Sub-  (birl)ou- 
iferous  ; 111. 

(Xat.  size.) 


Vir..  ’S20. 

Pnifrnn  ifrs  siilratuft^ 
Hoe  111.  Sub  • Carbon  iler- 
ous  ; 111.  A,  Suinmil  as- 
pect. 
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very  narrow,  extending  to  the  base.  Spiracles,  as  a rule,  distinctly  double, 
but  sometimes  incompletely  divided.  Lancet-plate  perfectly,  or  for  the  most 
pai’t,  concealed  by  side-plates.  Carboniferous ; Belgium,  England,  North 
America.  M.  crenulatus,  Roemer. 


Eamily  2.  Troostoblastidae.  Etheridge  and  Carijenter. 


Ambulacra  narrow,  linear,  deeply  impiressed,  descending  outward  from  the  summit. 
Deltoids  confined  to  the  narrow  upper  end,  invisible  externcdhj,  except  the  piosterior  one 
in  Troostocrinus.  Lancet-plate  entirely  concealed  by  side-plates. 

Spiracles  distinct,  represented  by  lineal  slits  at  the  sides  of  the  deltoid 
ridge,  and  not  bounded  by  side-plates.  Silurian  to  Sub-Carbon- 
iferous (Warsaw  Croup). 

Troostocrinus,  Shum.  (Fig.  321).  Calyx  narrow,  elongate, 
somewhat  fusiform,  with  contracted,  subtruncate,  or  slightly 
convex  upper  face.  Ambulacra  short.  The  four  anterior 
deltoids  overlapped  l)y  the  radia  limbs  ; the  posterior  one 
much  larger  than  the  rest,  and  appearing  externally.  Posterior 
spiracles  confluent  with  the  anus.  Silurian  (Niagara  Croup) ; 

North  America. 

Metablastus,  E.  and  C.  Like  the  preceding,  but  all  the 
deltoids  equal,  and  the  two  posterior  spiracles  not  confluent 
with  the  anus.  Spiracle  slits  ten  in  number ; hydrospires 
four  to  each  side  of  an  ambulacrum.  Silurian  to  Sub-Car- 
boniferous. 

Tricoelocrinus,  M.  and  W.  Calyx  pyramidal,  broadest  below 
and  narrowing  upwards ; when  seen  from  above  or  below, 
strongly  pentagonal  in  outline,  owing  to  the  projecting  and 
carinated  character  of  the  radials.  Deltoids  small ; ambulacra 

^ ^ long,  and  extremely  narrow.  Spiracles  ten,  dis- 

tinct ; anus  large.  Hydrospires  small,  enclosed 
within  the  substance  of  the  forked  plates.  Sub- 
Carboniferous. 


Fio.  32i. 

rroostocriniis  Rein- 
wardti,  Troost  sp. 
Silurian  ; Tenn. 
(after  Roemer). 
A Calyx  from  one 
siae  (nat.  size). 
B Summit  aspect 
(enlarged). 


Family  3. 


Nucleoblastidae. 

Caiqieiiter. 


Etheridge  and 


Calyx  usually  globular  or  ovoidal,  with  flattened 
or  concave  base,  and  Umar  ambulacra  extending  the 
whole  length  of  the  calyx.  Spiracles  distinctly  double, 
'If  and  chiefly  formed  by  the  apposition  of  notches  in  the 
lancet -plaJe  and  deltoids.  Devonian  and  Sub- 
^ Carboniferous. 


Fig.  322. 

Etaeacrimis  Verneuili,  Troost  sp. 

^ Lower  Devonian  ; Columbus,  O.  (after 
Roemer).  A,  Side  - view  of  calyx. 
B,  Base.  C,  Ventral  surface.  D,  Same, 
enlarged. 


Sub-Family  A. 


Etheridge  and 


Elaeacrixidae. 

Carpenter. 

Posterior  deltoid  divided  into  two  parts  by  an  anal 
plate.  A nus  distinct  from  the  posterior  spiracles. 

Elaeacrinus,  Roemer  (Nucleocrimcs,  Conrad),  (Fig.  322).  Basals  small, 

inconspicuous,  sometimes  hidden  within  the  columnar  cavity.  Radials  small. 
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■with  very  short  limbs.  Deltoids  greatly  enlarged  and  elongated,  forming 
over  two-thirds  of  the  entire  calyx  ; the  posterior  one  wider  than  the  others, 
and  divided  by  a large  anal  plate.  Lancet-plate  exceedingly  long  and  narrow,  i 
partly  exj:)osed.  Si(le-plates  nnmerons  ; hydrospires  two  to  each  side  of  the  j 
ambulacra.  Summit  covered  by  comparatively  large  orals,  asymmetrically  | 
arranged  and  forming  a flattened  disk  which  completely  closes  the  peristome,  i, 
Devonian  ; North  America. 

Sub-Family  B.  Schizobl.vstid.ve.  Etheridge  and  Carpenter. 

Tlte  posterior  deltoid  not  divided  hy  an  anal  plate,  rosterior  spiracles  may  he 
fused  with  the  amts. 

Srhizohlastus,  E.  and  C.  Calyx  resembling  that  of  Granatocrinus  in  form. 
Basals  almost  always  confined  to  the  lower  face  of  the  calyx ; deltoids  of 
variable  size,  but  always  visible  in  a side  view.  Hydros])ires  one  to  four  to 
each  ambulacrum.  vSpiracles  small,  slit-like,  }:)laced  between  the  lancet-plates 
and  deltoid  ridges ; the  2>osterior  pair  sometimes  confluent  with  the  anus. 
Sub-Carboniferous  ; Ireland  and  North  America. 

Cryptohlast'us,  E.  and  C.  Calyx  sub-globose,  M'ith  a flattened  or  slightly 
hollowed  base.  Basals  and  deltoids  small.  Lancet-jdate  separated  from  the 
radials  by  a hydrospire-plate,  which  does  not  extend  above  the  radio-deltoi<l 
suture  ; but  above  this  line  the  lancet-plate  meets  the  deltoids  without  leaving 
any  hydrospire-pores.  Spiracles  round,  distinctly  double  at  four  of  the  sides, 
but  those  of  the  posterior  side  confluent  with  each  other  and  with  the  anus. 
Summit  covered  by  numerous,  irregularly  arranged  small  j)ieces.  Sub- 
Carboniferous  ; North  America. 

ylcent  rot  remites,  E.  and  C.  Calyx  elliptical,  with  broad  pentagonal  lower 
face.  Radials  large,  taking  u]>  three-fourths  of  the  height  of  the  calyx. 
Deltoids  unequally  rhombic,  each  notched  by  two  spii-acles  at  the  ends  of  the 
radio-deltoid  suture.  Anal  opening  situated  close  to  the  summit  in  the 
posterior  deltoid.  Ambulacral  edges  of  the  deltoids  without  hydrospire  pores. 
Sub-CaiBoniferous ; Great  Britain. 

Family  4.  Granatoblastidae.  Etheridge  and  Carpenter. 

Calyx  ylohular  or  oroidal,  with  flattened  or  roncave  base,  and  long  linear  amhii- 
lacra.  Spiracles  five,  jdercing  the  deltoids,  or  ten,  grooving  their  lateral  edges. 
Sub-Carl)oniferous. 

Granatocrinus,  Troost  (Figs.  316,  318,  A,  11).  Calyx  ovate  to  globose. 
Lower  face  from  slightly  concave  to  deej)ly  funnel-shaped  ; interradial  areas 
more  or  less  depressed.  Basals  small,  generally  concealed  in  the  central 
columnar  cavity.  Radials  very  varialde  in  size,  often  long,  and  invariably 
turned  in  below  to  assist  in  forming  the  base.  Deltoids  also  variable;  usually 
une([ually  rhombic,  but  sometimes  triangular;  the  anal  deltoid  frequently 
differing  from  the  others.  Ambulacra  nearly  parallel-sided,  always  impressed 
within  the  sinuses  at  their  jiroximal  ends.  Lancet-plates  narrow,  not  filling 
the  sinuses,  and  more  or  less  exposed  throughout  two-thirds  of  the  ambulacra. 
Side-i)lates  transversely  elongateil ; outer  side-plates  generally  well  developed. 
Hydros])ires  pendent,  usually  but  two  or  three  folds  on  each  side  of  an  am- 
bulacrum ; the  inner  one  forming  a well-defined  hydrospire-plate.  Spiracles 
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five,  piercing  the  apices  of  the  deltoids.  Posterior  spiracle  larger,  including 
the  anus.  Summit  closed  by  minute  pieces  which  rarely  exhibit  any  definite 
arrangement.  Sub-Carboniferous  ; England  and  North  America. 

Heteroblastus,  E.  and  C.  Resembling  the  preceding  in  form  and  proportion 
of  its  component  parts.  The  proximal  ends  of  the  deltoids  produced  in  short 
spine-like  processes,  at  the  base  of  which  minute  lateral  openings,  one  to  each 
deltoid,  are  visible.  These  openings  lead  into  gutter-like  channels  excavated 
in  the  substance  of  the  plates  for  the  reception  of  the  proximal  ends  of  the 
two  hydrospire  - canals.  Radial  sinuses  wide,  their  edges  sloping  gently 
downwards  to  the  slightly  petaloid  ambulacra.  Carboniferous  Limestone ; 
England. 

Family  5.  Oodasteridae.  Etheridge  and  Carpenter. 

Base  usually  well  developed,  and  sometimes  very  long.  Amhulacra  without 
marginal  pores.  Hydrospire-slits  either  wholly  exposed,  piercing  the  calyx  plates 
along  the  sides  of  the  radial  sinuses,  or  restricted  portions  of  them  remain  open  as 
spiracles,  while  the  remaining  parts  are  concealed  by  the  ctmbidacra.  Devonian  and 
Lower  Sub-Carboniferous. 


Codaster,  M‘Coy  {Codonaster,  Roemer),  (Fig.  323).  Calyx  inverted,  conical, 
or  pyramidal.  Upper  face  broad,  truncate,  or  gently  convex ; section,  as  a 
rule,  distinctly  pentagonal.  Basals  forming  a conical  or  triangular  cup, 
.1  c 


Fig.  323. 


Codaster  acutus,  M'Coy.  Carboniferous  Linie- 
stoiie ; Derbyshire.  A,  Side-view  of  calyx. 
B,  Base.  C,  Ventral  aspect,  enlarged  (after 
Roemer). 


A 11 


Fig.  324. 

Orophocrimis  stelliformis,  O.  and  8.  sp.  A,  Calyx 
and  base  of  the  natural  size.  B,  Ventral  surface  en- 
larged (after  Meek  and  Worthen). 


usually  deep.  Radials  large,  their  limbs  bent  inward  horizontally,  to  assist 
in  forming  the  truncated  upper  face  of  the  calyx,  and  never  deeply  excavated 
by  the  sinuses.  Deltoids  wholly  confined  to  the  upper  face,  as  are  also  the 
ambulacra.  The  latter  are  petaloid,  or  narrow  and  linear ; lancet-plate,  as  a 
rule,  deeply  excavated  for  the  side-plates.  Spiracles  absent,  hydrospires 
pendent,  arranged  in  eight  groups,  two  in  each  of  the  four  regular  interrays, 
but  wanting  in  the  anal  one.  The  tubes  open  externally  by  a variable  number 
of  elongated  slits,  which  are  separated  by  intervening  ridges  • one  or  more  of 
them  may  be  partially  concealed  by  the  overlapping  side-plates.  Anus  large, 
ovate,  or  rhombic,  and  piercing  the  posterior  deltoid.  Ornament  consisting 
of  fine  lines  arranged  parallel  to  the  margins  of  the  plates.  Silurian  to  Sul.i- 
Carboniferous  ; Europe  and  North  America. 

Phaenoschisma,  E.  and  C.  Calyx  resembling  that  of  Codaster  in  general 
form,  but  with  ten  groups  of  hydrospires  instead  of  eight.  Radials  bear  each 
three  more  or  less  distinct  folds  diverging  from  the  lip ; sinuses  wide  and 
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deep,  .generally  with  steej)  sides.  Deltoids  small,  confined  to  the  truncated 
upper  face  of  the  calyx.  Lancet-jilates  in  all  hut  one  species  (1\  caryophyl- 
lafum)  concealed  hy  the  side-plates  ; outer  side-plates  very  small.  Spiracles 
rarely  juesent.  Hydrospires  pendent,  and  opening  externally  hy  a series  of 
elongate  slits  with  intervening  ridges,  distriliuted  in  suh-parallel  order  on  the 
slo])ing  sides  of  all  the  radial  sinuses.  The  slits  are  only  partially  covered 
hy  the  amhulacral  ])lates,  and  are  sometimes  visible  for  their  entii'e  length. 
Lower  Devonian  ; Spain.  Suh-Carhoniferous  ; Europe  and  North  America. 

Crypfoschisma,  E.  and  C.  Cal3^x  elongated,  with  a hroad,  fiat,  truncated 
upper  face.  Radial  sinuses  wide  and  open,  their  sloping  sides  pierced  hy 
hydrospire-slits,  which  are  completely  concealed  h\^  hro;ul,  petaloid  amhulacra. 
Spiracles  small,  single,  or  more  rarely  double ; in  the  latter  case  the  posterior 
pair  are  confluent  with  the  anus.  Rejiresented  hy  the  solitary  species  C. 
Sch’uJfzi,  d’Archiac  et  de  Vern.  Jjower  lievonian  ; Spain. 

Orophocrmus,  v.  Seehach  {Cvdonites,  iM.  and  A'.)  Calyx  balloon-shaped  to 
truncate  ob-pyramidal,  with  more  or  less  concave  upper  face.  Section  dis- 
tinctlv  pentagonal  or  stellate.  Amhulacra  narrow,  linear  to  suh-pctaloid. 
Deltoids  generally  visible  in  side-view,  the  posterior  one  wider  than  the 
others.  Spiracles  ten,  varying  from  wide  clefts  along  the  sides  of  the  amhu- 
lacra to  narrow  slits  at  their  ujiper  ends  ; the  posterior  jiair  separate  from 
the  anus.  JTydrospire-slits  almost  completely  concealed,  being  concentrated 
at  the  bottom  of  the  radial  sinuses.  Stem  round,  composed  of  short,  nearly 
equal  joints.  Pinnules  extending  to  nearly  twice  the  height  of  the  calyx,  of 
uniform  thickness  throughout,  and  composed  of  sharply  cuneate  pieces  inter- 
locking from  0])])0site  sides  ; ventral  furrow  wide,  and  covered  hy  small  pieces. 
Suh-Carhoniferous;  (4reat  Britain,  Belgium,  and  North  America. 


IRREGULARES.  Etheridge  and  Carpenter. 

Xon-pcduncnlate  lllastouls  in  uddrh  one  amhdacrum  and  the 
rorrespondiny  radial  are  different  in  farm  and  size  from  the 
olhers. 

Family  1.  Astrocrinidae.  T.  and  T.  Austin. 

This  familj’  embraces  the  three  rare  genera — Eleuthero- 
r.rinus,  Shum.  and  Vandell  (Fig.  325),  occurring  in  the 
Devonian  of  North  America;  Aslrorrinns,  Austin;  and 
J’eidejihyllnm,  Haughton.  The  two  latter  forms  are  found 
in  the  Carboniferous  Limestone  of  England  and  Scotland.^ 

' [Tile  sulist.ance  of  tlu-  editorial  note.s  in  br.aekets  oceiirring  tlirongliout  the  Crinoid  and  Blastoid 
chapteis  h.a.s  all  been  ver.v  kimll.v  coininunicated  by  .Mr.  Charles  M'achsniuth.  Much  of  this  matter 
einboilies  the  results  of  ori'.;inal  and  as  yet  iiniiubli.shed  observation.s.  Sjiecial  acknowledgments  are 
therefore  due  to  ^Ir.  Wachsmuth,  without  whose  generous  assi.stance  the  above-named  chapters  of 
the  jiresent  edition  would  have  been  imjierfect  in  many  respects. — Tk.\N.s.] 
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Sub-Branch  II.  Asterozoa.  Leuckart.^ 

' Stemless  Echinoderms  with  depressed,  iwntagonal,  or  star-shaped  body,  consisting  of 
a central  disk  and  five  or  more  rays  (or  “ arms  ”).  Month  inferior  and  central  in 
■ position.  Amhidacral  tube  feet  restricted  to  the  under  surface  of  the  rays.  Internal, 
skeleton  pieces  of  the  ambulacra  articulated  together  like  vertebrae,  or  apposed  like  the 
rafters  of  a pent-house.  Integument  coriaceous,  strengthened  by  small,  irregular, 
loosely  united  calcareous  plates,  some  of  which  bear  spines,  bristles,  protuberances,  or 
papillae  ; the  whole  constituting  a covering  of  the  most  varied  kind. 

The  Asterozoa  comprise  the  two  classes  of  Asteroidea,  or  Star-fishes  ; and 
j Ophiuroidea,  or  Brittle-stars  and  Sand-stars.  In  both  types  the  body  consists 
' of  a central  disk  containing  the  principal  viscera,  and  giving  oil’  five  or  more 
] radiating  processes  or  arms.  The  radiating  ambulacral  vessels  are  protected 
I by  an  internal  skeleton  consisting  of  a double  row  of  calcareous  bodies  (am- 
j hulacral  ossicles),  the  components  of  each  pair  being  separated  and  movable  to 
‘ a slight  extent  in  the  Asteroidea,  but  are  welded  together  so  as  to  form  a 
I series  of  disks  in  the  Ophiuroidea.  The  ambulacral  grooves  are  open  in  the 
I Asteroidea ; but  in  the  Ophiuroidea  they  are  covered  by  dermal  plates,  and 
j the  tube  feet  project  at  the  sides  of  the  arms.  The  integumentary  skeleton 
appears  leathery  on  the  dorsal  surface,  but  is  generally  strengthened  by 
innumerable  small  calcareous  bodies,  on  some  of  which  are  placed  movable 
j spines  or  bristles. 

Fossil  Asterozoans  are  found  as  far  back  as  the  Cambrian  era,  and  are 
represented  continuously  down  to  the  present  time.  They  are  of  rather 
uncommon  occurrence,  and  are  found,  as  a rule,  in  calcareous  or  arenaceous 
strata  which  have  been  deposited  in  shallow  water.  The  Asterozoans  are  the 
most  homogeneous  and  most  persistent  type  of  all  the  Echinodermata.  Both 
the  Asteroidea  and  Ophiuroidea  are  represented  in  the  Ordovician  and  Silurian 
by  well-differentiated  forms  which  do  not  differ  materially  from  those  now 
living.  The  only  noticeable  difference  is  that  many  of  the  Palaeozoic 
Asterozoans  exhibit  an  alternate  arrangement  of  the  ambulacral  ossicles, 
these  being  developed  in  all  recent  species  in  a double  row,  with  the  ends 
directly  apposed.  The  more  or  less  disjunct  condition  of  the  vertebral 
i ossicles  in  Palaeozoic  Ophiuroids  must  be  regarded  as  an  embryonic  character. 
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Ihc  ^entr;^l  position  of  the  mudreporite  in  Palaeozoic  Star-fishes  and  the 
alisence  of  mouth  shields  in  Palaeozoic  Ophiuroids  point  to  an  intimate 
relationshii)  Ijetween  the  two  groups  ; and  this  inference  is  still  further  con- 
fiimed  by  our  knowledge  of  several  recent  and  fossil  intermediate  forms 
{Asl rophiu ra , Protasier,  Jirisincja,  etc.) 

If  one  jilaces  a Star-fish  or  Prittlc-star  with  the  mouth  upjiermost,  it  will 
bo  seen  that  the  actinal  side  corresponds  with  the  tegmen,  and  the  central 
disk  with  the  base  of  a Pclmatozoan.  When  oriented  in  this  manner,  the 
position  of  the  jirincijial  organs  (ambulacral,  circulatory,  and  nervous  systems) 
is  the  same  in  both  groujis.  The  homology  between  the  arms  of  an  Astero- 
zoan  and  those  of  a Crinoid  or  Cyst  id,  or  tlie  ambulacral  fields  of  a Blastoid, 
can  also  hardly  be  doubted.  But  efi'orts  to  interpret  a homology  between 
plates  of  the  dermal  skeleton  as  developed  in  either  group  have  been  only 
partially  successful ; the  reason  being  that  these  structures  became  variously 
modified  and  specialised  throughout  the  difi'erent  classes  at  an  extrenierv 
early  period. 

A comparison  of  the  ontogenetic  stages  passed  through  by  the  Pelmaiozaa 
iU'n\  Asferozoa  reveals  nothing  definite  in  regard  to  their  close  relationship  ; but 
the  identity  in  position  of  the  jirincipal  viscera  argues  strongly  in  favour  of  their 
common  origin.  Ihe  Asterozoans  are  most  nearly  comparable  with  certain  of 
the  Cystideans  {Aijelacrinus  and  the  Calloci/sfidae).  But  that  they  are  the 
direct  descendants  of  the  Cpsfoidea  appears  very  imjirobalde,  for  both  geological 
<uid  morphological  reasons.  Ihe  fact  is,  that  both  types  appear  simultaneously 
and  in  a high  state  of  development,  each  being  totally  distinct  from  the 
other,  as  far  back  as  the  Cambrian. 


Class  1.  OPHIUROIDEA.  Gray.  Brittle-stars.  > 


yisferozoans  harinr/  a more  or  less  slnirjih/  defined  reniral  disk  containinej  a 
siinjde  difiesfire  ranfi/  whieji  does  not  rodiute  into  the  slender  rounded  (inns,  und 
hits  no  unol  openini/.  llejo'oditrfire  oriinns  confined  to  the  disk.  Anns  with  an 
axis  roinposed  of  jointed  calcareous  disks,  encased  with  jdates  or  covered  with  a 
leatheiii  skin,  and  destitute  if  open  umhulurral  grooves.  Mudreporite  constantlg  on 
the  actinal  {oral)  side  of  the  disk. 

Ophiuroids  arc  distinguished  from  the  typical  Star-fishes  bv'  their  cylin- 
drical tlexil)le  arms,  which  are  sharjily  separated  from  the  central  disk,  and 
do  not  contain  diyerticula  of  the  alimentary  canal  nor  of  the  sexual  organs. 
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The  arms  serve  as  locomotive  organs,  and  are  either  elegantly  plated 
i^Ophiureae),  or  protected  by  a coriaceous  skin,  in  which  minute  granules  and 
scales  are  embedded  {Eunjaleae).  When  plated,  the  covering  consists  typically 
of  four  rows  of  calcareous  plates,  known  as  the  upper,  lower,  and  side  arm- 
plates  {Scutella  dorsalia,  ventralia,  and  lateralia),  (Fig.  326,  A).  The  lateral 
or  adambulacral  plates  usually  carry  rows  of  mobile  spines. 

The  greater  part  of  the  interior  of  the  arms  is  occupied  by  a linear  series  of 
jointed,  vertebrae-like  sections  called  the  vertebral  ossicles  or  arm-bones,  each  of 
which  is  made  up  of  two  ambulacral  pieces  soldered  side  by  side  (Fig.  326, 
B,  C).  The  halves  of  the  first  tAvo  vertebral  disks  are  swung  laterally  into 
the  interbrachial  space,  being  fused  together  to  form  the  mouth  angle.  The 
remainder  of  the  arm-bones  are  movably  articulated  with  one  another  by 
means  of  bosses  rvhich  project  from  the  centres  of  both  surfaces,  the  inter- 
spaces being  filled  rvith  muscles.  The  entire  series  is  incised  interiorly  along 
the  median  line  for  the  reception  of  the  radiating  Avater-tube,  beneath  AA'hich 


A B 


Ay  Vertical  section  of  an  Opliiuran  arm.  w,  Vertebral  ossicle  ; r(,  Ambulacral  vessel,  with  side-branches  lead- 
ing into  the  tube  feet ; h,  Blood-vessel ; n.  Nerve-cord  ; v,  Ventral  or  lower  arm-plate  ; ?,  Side-plates  ; d.  Dorsal 
plate.  Vertebral  ossicle,  seen  from  the  inward  side,  with  surrounding  arm -plates.  C,  Row  of  vertebral 
ossicles  viewed  from  the  side,  and  slightly  enlarged  ; x.  Apertures  where  the  branches  of  the  ambulacral  vessel 
enter  and  emerge  from  the  arm-bones  ; y,  Depressions  for  the  insertion  of  intravertebral  muscles.  D,  Mouth- 
frame  of  an  Opliiuran,  with  the  proximal  vertebral  ossicles.  Tlie  lieavy  lines  bordering  the  arms  represent  the 
bursal  fissures  ; the  dark  pentagon  in  the  centre  marks  the  course  of  the  nerve-ring. 

runs  the  radiating  blood-vessel  and  nerve  cord,  the  AAdiole  being  closed  in  by 
the  integument.  The  radiating  ambulacral  vessel  gives  oft’  a pair  of  lateral 
branches  in  each  arm  ossicle  Avhich  pierce  the  bone  itself,  and  supply  the 
tentacle-like  tube  feet  Avith  AAmter.  The  tube  feet  are  AA’ithout  either  ampullae 
or  terminal  suckers,  and  the  orifice  of  the  plates  through  Avhich  they  protrude 
is  often  protected  by  one  or  more  minute  tentacle  scales  {papillae  arnbulacrales), 
AA'hich  serve  to  cover  the  tentacles  AA'hen  they  are  draAvn  in. 

On  the  under  side  of  the  disk  is  seen  the  central,  pentagonal  aperture  of 
the  mouth  (Fig.  331),  AA'hich  leads  into  a large  sac-like  stomach.  The  latter 
terminates  blindly,  there  being  no  intestine.  The  body  cavity  also  contains 
the  ambulacral,  blood,  and  nerve  rings,  as  AA'ell  as  the  generative  glands,  Avhose 
ducts  open  into  folded  pouches  or  bursae.  The  bursae  are  arranged  in  five 
pairs,  one  to  each  interbrachial  area,  and  communicate  Avith  the  exterior  by 
means  of  slit-like  bursal  fissures,  Avhich  skirt  the  arm  bases  inferiorly,  and  are 
bounded  by  genital  or  bursal  scales.  Sometimes  the  fissures  are  discontinuous 
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(Ophiuru),  appearing  as  two  slits  one  behind  the  other;  and  in  the  fossil 
Eiiriiuleae  they  are  often  represented  by  rows  of  pores. 

The  integument  covering  the  entire  upjier  surface  of  the  disk  and  the 
interlirachial  area  on  the  ventral  side  is  frequently  beset  with  calcareous 
plates  ; but  this  scale  coat  may  be  covered  in  turn  with  a thick  skin,  or  bear 
spines  or  granules.  A large  central  jilate  is  sometimes  recognisable  on  the 
dorsal  aspect  of  the  disk,  together  with  five  pairs  of  plates,  which,  from  their 
position  at  the  points  of  origin  of  the  arms,  are  called  radial  shields  (Scufella 
radialia,  Fig.  .328).  On  the  ventral  surface  of  the  disk,  the  inner  angle  of 
each  interbrachial  space  is  occupied  by  a single  large  plate  termed  the  mouth 
shield  {Scutum  buccale),  one  of  which  serves  as  the  madreporic  body.  But  in 
the  Eunjaleae  the  mouth  shields  are  feebly  developed,  or  may  be  wanting 
altogether ; and  in  place  of  them  a madrejiorite  is  found  in  one  or  all  of  the 
interrays.  The  mouth  shields  are  bounded  proximally  by  a pair  of  somewhat 


a 

I'lO.  327. 


Portion  of  central  disk  of  Oj>hio(ihjj>hn 
viewed  from  the  ventral  side,  n,  ^loiiih 
shield  ; h,  J5i«le  mouth  shieM  ; c,  Jaws 
covered  by  i>apillae ; fj,  Jiursal  fissures ; 
h,  ISitle  arjii-plates  ; /,  Pores  for  the  emis- 
sion of  tlie  tube  feet,  surrounded  witli 
tentacle  scales;  k,  Spines. 


Fio.  3’J8. 

Portion  of  central  disk  of  Ophiofili/pha  viewed 
from  the  dorsal  side.  o,  Radial  shields; 
h,  Ujtper  arm-])lates  ; c,  Side-plates. 


smaller  plates  called  the  side  'mouth  shields  (Scutella  adoralia).  Finally,  within 
the  side  mouth  shields,  and  usually  pressing  against  them,  are  t\iG  jaws  (Scutella 
oralia  ; Munded'stache),  which  are  sometimes  covered  by  the  skin  or  by  granu- 
lations (Fig.  327).  Teeth  are  constanth'  present,  being  attached  to  the  jaw- 
])lates  by  small  muscles. 

The  Ophiuruidea  are  divided  into  two  orders;  Eurjialeae  and  Ophiureae,  both 
of  which  have  fossil  representatives  dating  as  far  back  as  the  early  Palaeozoic 
era.  For  a jirecise  systematic  determination  it  is  necessary  to  know  the 
character  of  the  bursal  fissures  and  the  mouth  frame ; but  such  evidence  is 
not  always  obtainable  in  the  case  of  fossil  sjiecimens,  owing  to  imperfect  con- 
ditions of  preservation. 

Order  1.  EUR  YALE  AB.  Muller  and  Troschel. 

.Inns  ilirhoto)i>ousli/  diridiruj  soon  after  their  orif/iii.  (excejitionally  simple 
throipihout  their  entire  leiuith),  eajiahle  of  heinri  rolled  up  inwards,  and  covered  with 
a (iranulated  or  Jinel//  scaled  integument.  Mouth  shields  rudimeidari/  or  absent, 
(lenital  fissures  (ften  represented  b/i  rows  of  pores.  .1  mad repm rite  present  in  one  or 
all  (f  the  interraijs.  Silurian  to  Recent. 

The  Palaeozoic  species  differ  fi’om  all  of  the  recent  ylst rophytidae  in  that 
radial  shields  are  not  present,  and  that  the  arms  bear  a row  of  simple  marginal 
spines  on  the  ventral  aspect. 
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Eiidadia,  Woochv.  Disk  granulated, 
pairs  of  secondary  branches,  which 
increase  in  size  outwards.  One 
large  madreporite  present.  Silurian ; 
England. 

Om/chaster,  IMeek  and  AYorth. 
Central  disk  round,  small.  Arms  five, 
simple,  long,  and  covered  with  a tuber- 
culous integument,  in  which  fine  scales 
are  embedded.  Sub  - Carboniferous  j 
North  America. 

? Helianthasfer,  Eoemer.  Disk  large, 
granulated.  Arms  sixteen,  long,  broad, 
and  covered  with  a granulated  integu- 
ment. Lower  Devonian ; Bundenbach. 

1 Euryale,  Lam.  It  is  possible  that 
the  rough  impressions  described  by 
Quenstedt  as  Euryale  liasica,  from  the  . 


Each  of  the  arms  giving  off  five 


Fig.  329. 

Onychaster  flexilis,  M.  and  W.  Sub-Carboniferous  ; 
Crawfordsville,  Ind.  (after  Meek  and  Worthen).  In- 
dividual of  the  natural  size  with  rolled  up  arms  ; the 
dorsal  covering  of  the  ventral  disk  is  removed,  ex- 
posing the  mouth  frame,  b,  Mouth  frame  enlarged, 
viewed  from  above  ; e,  r ertebral  ossicle,  enlarged. 

Angulatus  Bed  of  Niirtingen  (Lias  a). 


also  belong  here. 


Order  2.  OPHIUREAE.  Muller  and  Troschel. 

Arms  imm'iably  simple,  incapable  of  being  rolled  up  towards  the  mouth,  and,  as 
a rule,  cased  with  four  series  of  integumentary  plates.  Silurian  to  Recent. 

Mouth  shields  are  well  developed  in  recent  forms,  one  of  them  serving  as  a 
madreporite ; but  they  are  absent  in  all  fossil  species. 

Sub-Order  1.  OPHIO-ENCRINASTERIAE.  StUrtz. 

Arms  without  ventral  shields,  the  lateral  elements  of  the  vertebral  ossicles  dis- 
junct, and  alternately  arranged.  Mouth  shields  absent.  Dish  covered  with  shin  or 
fine  scales,  sometimes  spinous.  Silurian  and  Devonian. 

To  this  sub-order  belong  the  following  genera  : — Protaster,  Forbes,  from  the 
Silurian  of  England  and  America.  Taeniaster,  Billings ; Silurian.  Eugaster, 
Hall  ■ Devonian.  Palaeophiura  and  Bundenbachia,  Stiirtz  ; Lower  Devonian. 

Sub-Order  2.  PROTOPHIUREAE.  Sturtz. 

Arms  without  dorsal,  sometimes  without  ventral  shields.  Elements  of  the  verte- 
bral ossicles  placed  opposite  one  another,  and  more  or  less  anchylosed.  Dish  without 
either  radial  shields,  mouth  shields,  or  genital  scales.  Silurian  and  Devonian. 

The  sub-order  is  divided  by  Sturtz  into  three  groups,  comprising  the 
following  species  : — 

(a)  Ophiurina  Lymani,  Stiirtz.  Lower  Devonian ; Bundenbach. 

(b)  Protaster  Miltoni,  Salter.  Silurian ; England.  Furcaster  palaeozoicus 
and  Ophiurina  Zitteli,  Sturtz.  Lotver  Devonian ; Bundenbach. 

(c)  Ophiura primigenia,  O.Decheni,  and  O.Rhenana,  Sturtz.  Lotver  Devonian; 
Bundenbach. 
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Sub-Order  3.  EUOPHIUREAE. 


Anns  'with  dorsal,  lateral,  and  ventral  shields.  Mouth  shields  ^vell  developed, 
one  of  them  serrinr/  as  a madreporite.  Devonian  to  Decent. 


J! 


I'lii.  330. 


foricdftiy  GoMf.  sp.  Musclielkalk  ; NVasclihacli,  Wiirtomber;.'.  A,  (iroup  of  individual.s  of  Uie 
natural  size  (after  Quenstodt).  li,  Ventral  aspect  enlaived  (after  Polilig). 


Fk;.  XA. 

Oiihiorteti  KfAhehncnse,  Huhni.  Litlio;;ni])liic  Slates  ; 
Kellieini,  Bavaria.  .1,  Ventral  aspt'ct  of  disk,  enlar^^e<l. 
Ji,  Dorsal  surface  of  one  of  the  arms.  (Both  tigures 
enlarjied  ; original  in  Munieli  Museuin.) 

A 


The  Oj)hiuroi<ls  of  the  iVIesozoic 
era  are  closely  related  to  recent  forms, 
and  are  all  assi<fnahle  to  families  now 
in  existence.  IMost  of  them  have  hni 
two  bursal  fissures  in  each  interradium  ; 
but  the  genus  Ophiura,  Lam.  {Ophio- 
dertna,  IM.  and  T.),  has  four  in  each 
interray,  and  is  represented  as  early 
as  the  Trias  (0.  llauchccorni,  Eck  ; 
Musclielkalk.  0.  Egertoni,  Brod.  sp. ; 
Lias). 

The  genera  ^Ispidura  (Fig.  330) 
and  Arrura,  Agassiz,  are  occasionally 
abundant  in  the  German  Miischelkalk, 
and  certain  Liassic  Ophiurans  also 

ji 


fkocomd  rfiriiidtd.  Gohlf.  Lithograpluc  Slates;  Zandt,  near  Soleiihttfeii,  Jkivaria.  A,  Imlividual  of  the 
natural  size.  Ji,  Dor.sal  aspect  of  disk,  showing  gnimilations  and  central  de)»ression.  C,  Ventral  surface  of  one 
of  the  arms.  (Figs.  Ji  anti  C enlarged.) 


lived  in  herds.  In  the  Lower,  Middle,  and  Ujijier  Jura  are  found  forerunners 
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of  the  recent  genera  OpMolepis,  M.  and  T.  ; Ophiocten,  Liitk.  (Fig.  331) ; OpMo- 
ghjpha,  and  Ophiomusium,  Lyman.  Some  of  the  forms  described  under  the  head 
of  Geocoma,  d’Orb.  (such  as  G.  socialis,  Heller,  from  the  Callovien  of  La  Voulte  ; 
or  G.  Libanoiica,  Konig,  from  the  Cretaceous  of  Hakel,  Lebanon),  are  incap- 
able of  precise  determination;  others  (such  as  G.  carinata,  Coldf.,  Fig.  332) 
are  closely  related  to  the  recent  J.mphvura. 

Ophiurella  elegans,  Agassiz,  from  the  Lithographic  Slates  of  Solenhofen,  is 
referred  by  Liitken  to  Ophiocorna,  Agassiz.  Other  Jurassic  and  ^Cretaceous 
forms  which  have  been  described  under  various  generic  names  are  assigned 
by  the  same  author  to  Ophioglypha,  Lyman.  Fossil  Ophiuroids  which  do  not 
admit  of  critical  determination  are  usually  grouped  together  under  the  general 
term  of  Ophiurites. 

Class  2.  ASTEROIDEA.  Star-fishes.  1 

Asterozoans  whose  simple  and  more  or  less  flattened  arms  are  prolongations  of 
the  central  disk,  and  contain  the  hepatic,  appendages  of  the  alimentary  canal,  as  well 
as  the  generative  organs.  Amlmlacral  feet  disposed  in  rows  along  deep  open 
grooves  on  the  under  or  actinal  surface  of  the  arms. 

Star-fishes  have  typically  five  arms  (but  in  some  cases  as  many  as  eight, 
ten,  twelve,  twenty,  or  more),  which  are  prolongations  of  the  central  disk, 
and  are  not  sharply  marked  off  from  the  same.  The  integumentary  skeleton 
consists  of  plates  which  are  either  contiguous  with  one  another  along  their 
edges,  or  are  united  in  a reticulate  fashion,  and  covered  with  a leathery  skin. 
The  calcareous  plates  often  bear  movable  spines  or  bristles,  or  they  may  be 
tuberculated  or  granulated.  The  abactinal  surface  usually  exhibits  a central 
or  subcentral  anus,  and  also  a madreporite,  which  is  situated  in  one  (rarely 
two  or  more)  of  the  interradii.  The  madreporite  is  covered  with  labyrinthic 
furrows,  and  is  perforated  for  the  admission  of  water  into  the  so-called  stone 
canal,  whence  it  is  conveyed  into  the  ■water-vascular  ring  surrounding  the 
mouth.  The  fine  pores  and  protrusive  coecal  processes  (papulae),  which  in  the 
Phanerozonia  are  restricted  to  the  dorsal  surface,  but  in  the  Cryptozonia  are 
distributed  over  the  whole  body,  serve  as  respiratory  organs,  the  body  fluids 
being  brought  into  close  contact  with  the  oxygenated  water. 

The  mouth  occupies  the  centre  of  the  dorsal  surface,  and  is  pentagonal  in 
contour,  owing  to  the  projection  of  five  pairs  of  interradially  disposed  oral 
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plates.  Each  of  the  arms  is  traversed  on  the  under  or  oral  side  by  a broad 
and  deep  furrow,  which  tapers  gradually  in  passing  from  the  mouth  to  the 
tip  of  the  arm,  where  it  is  terminated  by  a simple  grooved  plate  (Fig.  333) 
called  the  ocular  plate.  The  roof  of  each  ambulacral  furrow  is  formed  by  two 

rows  of  rafter  like,  rather  elongate,  ambulacral 
ossicles,  the  inner  ends  of  which  are  held 
together  by  muscles  (Figs.  334,  335).  Run- 
ning along  the  centre  of  the  groove  on  its 
ventral  side  are  jilaced  in  succession  the  radial 
water -tube,  blood-vessel,  and  nerve  cord. 
These  are  all  homologous  with  the  like- 


Fuj.  333. 


Ocular  plates  of 
Penta(jo)w.stcr{i)  from 
the  LJpper  Jura  of 
8treitbei'g.  -/i. 


Detached  ambu 
lacral  ossicle  of  Pen 
Uigo/mster  (?)  from 


strei^erg.'^  named  organs  of  Ophiuroids. 


The  form  of  the  ambulacral  ossicles 
varies  in  different  genera.  In  all  recent  forms  the  ends  are  directly  apposed 
against  one  another  in  the  median  line  of  the  ambulacral  grooves ; but  in 
Palaeozoic  forms  they  are  arranged  in  alternate  rows,  and  are  inclined  towards 
one  another  at  a very  small  angle.  Each  pair  of  ambulacral  plates  is  ex- 
cavated at  the  sides,  so  as  to  give  rise  by  their  apposition  to  a series  of  small 


md 


Fig.  335. 

Asfropecten  fnirantiociis,  Linii.  .s]>.  Uocent ; 
Metliteri'anean.  JCnhirgcd  vertical  .section  of 
one  of  the  arms,  am,  Ambulacral  ossicle.s ; 
t'd,  Adambulacral  plate  ; ?»/•,  Infero-marginal 
jflate  ; m/l,  .Sui)ero-marginal  plate  ; i,  8uper- 
am  bulacral  plate. 


Fig.  330. 


Agfp.riii.^  riiheiui,  Linn.  Recent; 
German  Ocean.  Enlarged  vertical 
section  of  one  of  the  arms,  am,  Ain- 
bulacral  ossicles ; ad,  A<lambulacral 
plates;  mr,  Infero-marginal  jdates; 
a,  Radiating  water-tube  ; h,  Ampullae ; 
p,  Tube  feet. 


apertures,  through  which  the  distensible  tulie  feet  or  pedicels  are  emitted. 
The  latter  are  the  downward  prolongations  of  lateral  branches  given  off  by 
the  radial  ambulacral  vessel ; the  upward  prolongations  of  the  same  form 
small  sacs  called  ampullae,  by  means  of  which  water  is  forced  into  the 
tube  feet. 

The  lower  ends  of  the  ambulacral  ossicles  rest  against  a series  of 
adamhuJacral  plates,  and  in  many  forms  these  are  bounded  in  turn  by  large 
inargimil  plates  (Fig.  335).  Intermediate  plates  are  those  which  are  inserted 
between  the  infero-marginal  plates  and  the  adambulacral  plates.  By  the 
term  dorsal  plates  are  understood  all  calcareous  bodies  occurring  on  the  dorsal 
side  of  the  liody. 

Perfectly  preserved  Star-fishes  are  known  only  from  a few  localities, 
such  as  Bundenbach  in  Rhenish  Prussia,  the  usual  mode  of  occurrence  being 
in  the  form  of  moulds  or  detached  plates.  The  earliest  forms  are  found  in 
Cambrian  rocks. 
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Sub-Class  1.  ENCRINASTERIAE.  Broun. 


i 


Palaeozoic  Star-fishes  with  hut  slightly  inclined  ambiilacral  ossicles,  their  ends 
meeting  alternately  in  the  middle  of  a c 

the  ambulacral  grooves.  Madreporite 
situated  on  the  oral  side  of  the  disk. 

Cambrian  to  Carboniferous. 

Two  principal  groups  may  be 
indicated  in  this  sub-class,  in  one 
of  which  marginal  plates  are 
strongly  developed,  and  in  the 
other  they  are  either  absent  or 
rudimentary.  So  little  is  known, 
however,  of  the  complete  structure 
of  the  majority  of  Palaeozoic  forms, 
that  in  the  case  of  some  genera  it 
is  impossible  as  yet  to  determine 
positively  the  group  in  which  they 
should  be  classed. 

To  the  first  group  belong  the 
following  genera  ; — Aspidosoma, 

Goldf.  (Fig.  337).  Devonian  ; Rhenish  Prussia.  Palaeaster,  Hall  {Petraster, 
^ Billings  ; Archasterias, 

Muller),  (Fig.  338).  Ordo- 
vician to  Carboniferous  ; 
Europe  and  North  America. 

Salteraster,  Stiirtz  {Palae- 
aster, Salter,  p.p.)  Ordo- 
vician ; England.  Palaeo- 
stella,  Stiirtz.  Lower  De- 
vonian ; Bundenbach. 

Palasterina,  M'Coy 
(Cambrian  to  Devonian  ; 
Europe  and  North  America), 
should  probably  be  ranked 
in  this  group  as  a transitional 
form.  Urasterella,  M‘Coy 
(Stenaster,  Billings,  p.p.), 
Fio.  33S.  (Ordovician ; Canada),  is 

Palamster  Eucharis,  Hall.  Devonian  ; Hamilton,  New  York,  also  Considered  by  Stiil'tz  aS 
A,  Ventral  aspect,  natural  size.  5,  Dorsal  surface  of  one  of  the  arms.  i,  r . 

C,  Diagrammatic  view  of  ventral  surface  of  the  arms  (after  Hall).  ^ memDer  01  tills  gl'OUJl. 


Fig.  33V. 

Aspidosoma  petaloides,  Simon.  Lower  Devonian  ; vicinity 
of  Niederlahnstein,  Nassau.  A,  Ventral  a.spect,  natural  size. 
B,  Ann  viewed  from  the  dorsal  side.  U,  VYiitral  aspect  of 
arm,  enlarged  (after  Simonowitsch). 


To  the  second  group 

belong  the  genera  ; Palaeocoma,  Bdellacoma,  and  Phopalocoma,  Salter. 

Silurian ; England.  Loriolaster,  Cheiropteraster,  and  Palasteriscus,  Stiirtz. 

Lower  Devonian ; Bundenbach. 
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Sub-Class  2.  EUASTERIAE.  Broun. 

I'liirs  of  nrahuhicml  ossicles  placed  opposite  each  oilier,  inclined  upwards  like  i 
the  rafters  of  a roof,  and  united  with  one  another  h/i  muscles  at  their  inner  ends.  ? 
Mad reporite,  except  in  a few  I’alaeozoic  types,  restricted  to  the  dorsal  surface. 
Silurian  to  lleceiit.  ^ 

This  sub-class  is  divided  into  two  orders,  depeudiug  upon  the  character  of  t 
the  marginal  plates.  Both  groups  make  their  appearance  in  the  Palaeozoic  v 
era,  and  continue  to  the  present  day. 


Order  1.  PHANEROZONIA.  Sladen. 


Marginal  plates  large  and  highly  dcrel oped  ; the  supero-marginal  and  infero- 
rnarginal  plates  contingent.  J’apulae  restricted  to  the  dorsal  surface,  ^hnlmlacral 
plates  well  spaced  and  usually  hroad. 

Forms  apparently  congeneric  with  the  recent  members  of  the  ^irchas- 
teridae  and  Ast ropectinidae  are  represented  in  the  Devoiuan.  Xenaster, 
Simonowitsch,  a small,  five  - armed  type  from  the  Lower 
Devonian  of  Bhineland,  has  adambulacral  and  intermediate 
plates.  A large  form  from  the  Devonian  of  Bundenbach, 
with  five  long,  depressed  arms,  recfangular  adambulacral 
plates,  and  two  rows  of  marginal  plates,  is  regarded  by  Stiirtz 
as  identical  with  the  recent  genus  ^Istropecfen,  Linck.  (Fig. 
;b‘b5).  Numerous  species  referred  to  the  same  genus  have 
l)een  described  from  the  Lias  onwards. 

The  genus  Luidja,  Forbes,  has  also  been  considered  to  be 
represented  by  a form  fiom  the  Lias.  riumaster,  Wright, 
from  the  Lias,  is  jiroliably  a near  ally. 

Trichasteropsis,  Lck.  Central  disk  large.  Arms  moderately 
long,  tapering,  and  covered  on  the  ventral  side  with  spines. 
jMarginal  plates  rather  small,  excejit  on  the  dorsal  side  at  the 
tips  of  the  arms.  Muschelkalk. 

Pentagonaster,  Linck  {Goniaster,  Ag.  p.p.)  Body  depressed 
and  pentagonal,  or  with  the  rays  slightly  produced.  Marginal 
plates  generally  few  in  number,  and  decreasing  in  size  on  approaching  the 
extremity  of  the  ray.  Abactinal  area  covered  with  rounded  or  polygonal 
jilates.  Cretaceous  to  Recent. 

Metopaster,  Sladen  (CVndus/cr,  Ag.  ]>.p.),  (Fig.  .3-fl).  Distinguished  from 
the  ])receding  by  the  ultimate  sujiero-marginal  plates,  which  are  the  largest 
of  the  series,  and  by  all  the  marginal  plates  having  a surrounding  border  of 
setae.  Cretaceous. 

Mitraster,  Sladen  {Goniaster,  Ag.  p.p.)  Cycloid  in  contour,  with  supero- 
marginal  jilates  few  in  number,  and  all  of  nearly  the  same  size.  Cretaceous. 

Calliderma,  Cray.  Cretaceous  to  Recent.  Xymphaster,  Sladen.  Cre- 
taceous to  Recent.  Pycnaster,  Sladen.  Upjier  Cretaceous ; England.  Xc/i- 
taster,  de  Loriol.  dura. 

Pentaceros,  Linck  {Greasier,  Midi,  and  Trosch.),  (Fig.  .341).  Fossil  forms 


1‘entaijnn  aster  (?) 
uiipirssar,  Qucnsl. 
sp.  UpjHW  Jura  ; 
Keiclu*nbacl>  im 
Tliah*.  A,  Supero- 
mar^'inal  itlatt*.  Ji, 
I II  I’c  ro-m  a r i n a 1 
l»lal»*.  riatt*  witli 
.sujijxised  pHtlicRl- 
lariae  (afU-r 
ste‘lt). 
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occur  with  large,  tuberculous  plates  on  the  abactinal  area,  which  are  often 
armed  with  powerful  spines.  Upper  Jura  to  Eecent. 

Sphaerites,  Quenst.  Under  this  title  are  included  detached  hexagonal 


mv  A i ad 


Fig.  340. 

Metopaster  Parkinsoni,  Forbes  sp.  Lower  Chalk ; Sussex.  A,  Ventral  aspect.  B,  Viewed  from  one  side 
(after  Forbes). 


plates  of  variable  size  and  thickness,  which  are  of  not  uncommon  occurrence 
in  the  Jura  of  Wurtemberg  and  Switzerland.  Some  of  them  bear  strong 


Fig.  341. 


A,  Pentaceros  jnrassicus,  Zitt.  Upper  Jura;  Bemfeld,  near  Ingol- 
stadt,  Bavaria,  l/j.  B,  P.  thoracifer,  Gein.  Planer ; Plauen,  Saxony. 
Marginal  plate.  C,  P.  primaeviis,  Zitt.  Upper  Jura  ; Streitberg. 


Fig.  342. 


Sphaerites  scutatus,  Goldf. 
Upper  Jura ; Sontlieiin, 
Wurtemberg. 


Fig.  343. 

A,  Sphaerites  tahulatus, 
Goldf.  B,  S.  pmictatvs, 
Goldf.  Upper  Jura  ; Streit- 
berg, Franconia. 


conical  spines  (Fig.  342),  and  others  are  smooth  or  punctate  (Fig.  343). 
Their  zoological  position  has  not  as  yet  been  satisfactorily  determined. 

VOL.  I 
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Order  2.  CRYPTOZONIA.  Sladen. 

Marginal  plates  inconspicuous  and  more  or  less  rudimentary  in  the  adult. 
Supero-rnarginal  plates  often  separated  from  the  infero-marginal  series  hy  inter- 
mediate plates.  Papulae  distributed  over  the  whole  body.  Ambulacral  plates 
crowded  and  narrow;  tube  feet  in  two  or  four  rows. 

Of  the  Palaeozoic  representatives  of  this  order,  the  genera  Lepidaster, 
Forbes  (Silurian),  and  Pioemeraster,  Stiirtz  (Devonian),  are  related  to  the 
recent  genus  Linchia,  Nardo.  The  forms  described  l)y  Stiirtz,  Echinasterella, 
Medusaster,  and  Protasteracanthion,  from  the  Devonian  of  Eundenbach,  are 
regarded  by  their  author  as  allied  to  the  Echi/iasteridae,  Asteriidae,  and 
Brisingidae  respectively. 

Solaster,  Forbes,  is  represented  by  a form  having  numerous  arms  in  the 
(treat  Oolite  of  England.  Tropidaster,  Forbes,  occurs  in  the  Middle  Lias; 
and  a solitary  species  of  Echinaster,  M.  and  T.  (Phopia,  Gray),  has  been 
described  from  the  Xeocomian.  A form  described  by  Forbes  from  the  Red 
Crag  of  England  was  considered  by  him  to  be  sjiecifically  identical  Avith  the 
existing  Asterias  ruhens,  Linn^.^ 


Sub-Branch  III.  Echinozoa.  Leuckart. 

ylrmless  and  stemless  Echinodermata,  with  globular,  cordiform,  discoidal,  or 
worrn-like  bodies,  which  are  cither  encased  in  a piloted  test  or  are  covered  with  a 
leathery  skin,  in  which  minute,  detached  calcareous  bodies  are  embedded. 

The  Echinozoa  are  divided  into  tAvo  classes  : Echinoidea  or  Sea-urchins,  and 
Holothurioidea  or  Sea-cucumbers. 

Class  1.  ECHINOIDEA.  Agassiz.  Sea-Urchins.^ 

Echinozoa,  with  bodies  encased  in  a solid  or  slightly  flexible  test,  variable  in  shape 
from  spherical  to  flat ; composed  of  numerous,  closely  jd  a ced,  more  or  less  geometrical 

^ [To  Mr.  W.  Percy  Sladen,  Vice-President  of  the  Linne.an  Society,  and  well  known  for  liLs 
numerous  scientitic  achievements,  the  author  and  editor  are  under  .special  obligations  for  having 
thoroughly  revised  and  enlarged  the  preceding  chaj)ter  on  the  Asterozoa,  and  also  for  having 
rendered  valuable  assistance  on  the  Echinozoa. — Trans.] 

- Agassiz,  L.,  and  Desor,  E.,  Description  des  Iilchinides  fossiles  de  la  Suisse,  1839-40. — Catalogue 
Ilaisonne  des  Families,  Genres,  et  des  Especes  de  la  Classe  des  fichinides  (Ann.  des.  Sci.  Nat), 
1846-47. — d’Orhigng,  A.,  Paleontologie  francaise  (Terrain  cretace,  vol.  VI.),  1853-60. — Colleau  and 
Triger,  I^chinides  du  departenient  de  la  Sarthe,  1855-69. — iMsor,  E.,  Synopsis  des  lilchinides  fossiles. 
Paris,  1858. — Wright,  T.,  Monograph  on  the  British  fossil  Echinodermata  of  the  Oolitic  Formations 
(Palaeontograph.  Soc.),  1857-80. — Idem,  Cretaceous  Formations  (Palaeont.  Soc.),  1864-82. — 
Colleau,  G.,  Paleontologie  fram;aise,  vols.  VII. , IX.,  and  X.,  1862-79. — Linthe,  G.  G.,  Echinoder- 
men  des  vicentischen  Tertiiirgebietes  (Denkschr.  AA’ieu.  Akad.  xxix.),  1868. — de  Loriol,  P., 
hxhinologie  helvctiqne,  vols.  I. -III.  Geneva,  1868-75. — Qucn.stedt,  F.  A.,  Petrefactenkunde 
Deutschlands  (Bd.  III.,  Echiniden),  1872-75. — Agassiz,  A.,  Revision  of  the  Echini  (III.  Cat. 
Museum  Comp.  Zool.  Cambridge,  No.  7),  1872-74. — Reports  on  the  Echini  of  the  Hassler  (1874), 
Challenger  (1881)  and  Blake  (1883)  Expeditions. — Loren,  S.,  £tudes  sur  les  bchinoidees  (Svensk. 
A’eten.sk.  Akad.  Hand!.,  Bd.  XI.),  1874. — Colleau,  1‘eron,  and  Gauthier,  Schiuides  fossiles  de 
I'.Algerie.  Paris,  1876-91. — de  Loriol,  P.,  Monographie  paleontologique,  etc.  (Abhandl.  Schweiz, 
pal.  Gesellsch.  III.-VIIl.).  1876-81. — Lames,  If.,  Die  Echiniden  der  vicentischen  und  veronischen 
Tertiar-.Vbl.agerungen  (P.alaeontogra])hica,  Bd.  XXV.),  1877. — Agassiz,  A.,  Palaeontological  and 
Embry ologiciil  Development  (Address  before  Amer.  Assoc.  Adv.  Science),  1880. — Bibliography  of 
the  Echinodermata  (Bull.  Museum  Comp.  Zool.  Cambridge,  vol.  X.,  No.  2),  1882. — Duncan,  P.  M., 
and  Sladen,  IF.  P.,  Monograph  of  the  fossil  Echinoidea  of  AVestern  Sind  (Palaeont.  Indica,  Ser.i 
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plates,  covered  with  soft  structures,  and  carrying  spines.  Mouth  on  the  under  or 
actinal  surface  ; anus  situated  either  in  the  dorso-central  system  or  somewhere  in  the 
posterior  interambulacrum.  Plates  of  the  five  ambulacral  areas  more  or  less  ex- 
tensively perforated  for  the  protrusion  of  tube  feet. 

The  Test. — The  test  or  covering  of  Echinoids  is  composed  of  numerous 
calcareous  plates,  firmly  united  by  their  edges,  so  as  to  form  a more  or  less 
rigid  case  or  box,  and  disposed  in  certain  regions  or  systems.  In  a few 
instances,  however,  the  plates  overlap  one  another  in  an  imbricating  manner, 
so  as  to  impart  a certain  degree  of  flexibility  to  the  test.  The  main  element 
of  the  test  is  called  the  corona,  and  the  system  of  plates  at  the  summit  is 
known  as  the  dorso-central  or  apical  system. 

The  test  is  pierced  by  two  large  openings,  which  are  surrounded  by 
' membranes  studded  with  small  calcareous  particles.  One  of  these  is  the 
mouth,  which  is  always  placed  on  the  under  or  actinal  surface  of  the  body, 
may  be  either  central  or  eccentric  in  position,  and  is  surrounded  by  a cori- 
! aceous  peristomial  membrane.  The  other  aperture  is  the  anus,  surrounded  by 
a periproctal  membrane.  In  some  orders  it  is  placed  oj^posite  the  mouth  in 
' the  centre  of  the  apical  system,  in  which  case  the  test  is  said  to  be  regular  or 
endocyclic.  But  in  other  orders  it  is  situated  beyond  the  apical  system  at  a 
variable  distance  in  the  median  line  of  the  posterior  interambulacrum,  either 
dorsally  or  actinally ; the  test  is  then  said  to  be  irregular  or  exocyclic. 

The  mouth  opens  into  an  oesophagus,  which  conducts  into  a capacious 
stomach,  and  thence  into  a convoluted  intestine.  The  digestive  tract  winds 
round  the  interior  of  the  test,  being  attached  to  the  inner  surface  of  the 
latter  by  muscles,  and  terminates  in  the  anus.  Surrounding  the  oesophagus 
is  a circular  vessel  filled  with  water,  which  is  admitted  by  the  so-called 
stone  canal,  opening  externally  in  a madreporite.  This  is  a porous  or  sieve-like 
structure,  consisting  of  a variable  number  of  canals,  and  though  commonly 
restricted  to  one  of  the  plates  of  the  apical  system,  it  may  extend  backwards 
and  perforate  a large  part  of  the  system. 

The  circular  vessel  gives  off  five  branches,  known  as  the  radiating  canals, 
which  pass  along  the  ambulacral  areas  on  the  interior  of  the  test,  and  connected 
with  it  in  the  interambulacral  areas  are  five  distensible  membraneous  reservoirs, 
termed  the  Polian  vesicles.  The  radiating  canals  give  off  numerous  lateral 
branches  or  tube  feet  {tentacles,  p>edicels)  which  are  capable  of  protrusion  through 
pores  of  the  ambulacral  plates.  Emission  is  effected  by  means  of  secondary 
vesicles  or  ampullae  which  by  contraction  force  their  contained  fluid  into  the 
tube  feet  and  distend  them.  The  ampullae,  as  a rule,  communicate  wdth  the 
tube  feet  by  two  canals  perforating  the  plates  separately,  a single  tentacle 
being  placed  over  a pair  of  ambulacral  pores.  The  tube  feet  serve  normally 
as  locomotive  organs,  when  they  are  prehensile  and  end  in  a suctorial  disk  ; 
but  in  many  forms,  especially  those  having  petaloid  ambulacra,  they  are 

XIV.),  1882-84.. — SchliUer,  C.,  Die  reguliiren  Echiiiiden  der  norddeutsclien  Kreide  (Abhandl.  zur 
geolog.  Special-Karte  von  Preussen,  Bd.  IV.),  1883. — Idem,  Neue  Folge,  Heft  5,  1892. — de  Loriol, 
P.,  Description  des  Illcliinides  (Commission  des  travaux  geol.  du  Portugal,  vol.  II.),  1887-88. — 
Loven,  S.,  On  Pourtalesia  (Svensk.  Vetensk.  Akad.  Handl.,  Bd.  XIX.),  1884. — Pome/,  aV.  A.,  Class- 
ification metliodique  et  genera  des  lllchinides  vivantes  et  fossiles,  1883. — JJuncan,  P.  At.,  Revision 
ot  the  Genera  and  Great  Groups  of  the  Echinoidea  (Jouni.  Linn.  Soc. , vol.  XXIII.),  1889. — Ebert, 
T.,  Die  Behiniden  des  nord-  uud  mittel-deutscheu  Oligocans  (Abhandl.  zur  geol.  Spec.  Karte  von 
Preussen,  Bd.  X.),  1889. — Loven,  S.,  Echinologiea  (Bihang  till  Svensk.  Vetensk.  Akad.  Handl., 
Bd.  XVIII.),  1892. — Clark,  W.  B.,  Mesozoic  Echinodermata  of  the  United  States  (Bull.  U.S.  Geol. 
Survey,  No.  97),  1893. 
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modified  so  as  to  be  partly  branchial  in  function.  Sometimes  the  tentacles  of 
the  same  ambulacrum  differ  in  shape,  structure,  and  function,  in  which  case 
they  are  termed  heteropodous.  Small  tufts  of  external  branchiae  communicating 
with  the  ambulacral  system  are  sometimes  present,  and  occupy  grooves  or 
incisions  in  the  peristomial  margin. 

The  vascular  system  consists  of  a ring-like  vascular  plexus  surrounding  the 
oesophagus,  and  immediately  underlying  the  circular  ambulacral  vessel.  This 
ring  gives  off  five  radial  vessels,  and  also  two  others  which  send  off  branches 
to  the  stomach  and  generative  organs.  The  central  nerve  ring,  with  its  five 
principal  nerves  running  down  the  rays,  is  external  to  the  two  other  systems. 
The  generative  organs  are  extremely  alike  in  both  sexes,  and  are  in  the  form  of 
glands  (usually  five,  sometimes  three  or  even  two),  situated  dorsally  and 
interradially  on  the  inner  surface  of  the  test.  The  genital  ducts  terminate  in 
pores  in  the  so-called  genital  plates,  to  be  described  presently. 

Coronal  Plates. — The  j)lates  of  the  corona  are  arranged  in  ten  meridional 
zones.  Five  of  these,  the  arnlndacral  ureas,  are  composed  of  perforated 
plates,  and  correspond  in  j)osition  to  the  radiating  ambulacral  vessels ; the 
remaining  five,  the  interumlndacral  or  interradial  areas,  alternate  with  the  first, 
and  are  imperforate. 

In  all  recent,  and  in  the  majority  of  fossil  Echinoids,  the  ambulacral 
areas  are  composed  of  two  rows  of  small,  alternately  arranged  plates,  the 
inner  edges  of  which  meet  in  zigzag  median  sutures,  and  their  actinal  and 
abactiiuil  edges  in  horizontal  sutures.  The  interambulacral  areas  are  likewise 
composed  of  two  rows  of  plates,  but  they  are  generally  larger  than  those  of 
the  ambulacra,  and  meet  them  in  ambulacro-interi’adial  vertical  sutures.  There 
are  normally,  therefore,  twenty  meridional  rows  of  plates  arranged  in  ten 
alternating  zones;  l)ut  this  number  is  not  fully  attained  in  the  Palaeozoic 
Bothriociduroida,  and  is  exceeded  in  the  remainder  of  the  Palceeclvmoidea,  in  the 
Triassic  Tiarechinus,  and  in  the  Cretaceous  Tetraciduris.  The  number  of  plates 
is  the  same  in  all  of  the  ambiilacral  and  all  of  the  interambulacral  areas 
respectively  ; but  the  two  systems  are  entirely  independent  of  one  another  as 
respects  the  size,  shape,  and  number  of  the  i)lates.  In  the  Cidaridae,  for 
example,  the  ambulacra  are  very  narrow,  and  are  composed  of  from  fifty  to 
sixty  plates  in  each  column  ; the  interaml)ulacra  are  much  broader,  and  con- 
sist of  four  or  five  large  plates  in  each  column.  In  the  regular  Sea-urchins, 
or  Endocyclica,  all  of  the  ambulacra  and  all  of  the  interambulacra  arc  similar; 
but  in  the  E.rA)cyclka , the  anterior  ambulacrum  and  the  posterior  interambu- 
lacrum often  differ  considerably  from  the  corresi)onding  areas. 

Interambulacral  (interradial)  j)lates  are  always  simj>le  ; ambulacral  plates 
may  be  either  sim})lc  or  compound.  In  the  latter  case,  they  may  be  formed 
of  two  or  of  several  components,  all  of  which  are  joined  Ijy  sutures  and  form 
a more  or  less  geometrical  j)late.  IMost  simple  j)lates,  and  some  of  the 
components  are  primaries — that  is,  they  extend  from  the  outer  edge  of  an 
ambulacrum  to  the  median  suture  of  the  area.  JJerni-plates  is  a name  applied 
to  those  comi)oncnts  which  do  not  reach  the  median  line. 

The  growth  of  the  test  in  all  Echiiioids  is  efl'ected  by  new  plates  being 
successively  added  at  the  aboral  termination  of  the  ambulacra  and  inter- 
ambulacra, and  by  their  increasing  in  size  and  solidity.  In  the  young 
condition  generally,  and  in  the  Clypeastroids  and  Spatangoids  throughout 
life,  the  interambulacra  begin  ventrally  with  a single  plate,  situated  outside  the 
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closed  circle  formed  by  the  double  column  of  paired  ambulacral  plates ; and 
this  solitary  interambulacral  plate  is  followed  by  a double  column  of 
successively  added  plates,  the  last-formed  being  contiguous  with  the  corre- 
sponding basal  of  the  apical  system.  But  in  the  Endociidica,  according  to 
Lov6n,  the  primordial  interambulacral  plate  is  soon  resorbed,  so  that  the 
interambulacra  enter  the  peristomial  margin  with  two  plates  each. 

Ambulacra. — Each  ambulacrum  consists  of  an  interporiferous  area,  jdaced 
between  two  poriferous  zones ; only  a few  Palaeozoic  genera  have  the  whole 
ambulacral  area  poriferous.  As  a rule,  the  ambulacral  pores  are  in  pairs  ; 
but  in  some  cases  they  are  unpaired.  The  pores  may  be  either  all  similar, 
or  the  outer  pores  of  a series  of  pairs  may  differ  in  shape  and  size  from  those 
of  the  inner  series.  There  is  usually  a septum  between  the  pores  of  a pair, 
and  the  pairs  may  be  separated  by  costae.  When  the  pores  of  each  pair  are 
united  by  transverse  furrows,  they  are  said  to  be  conjugate. 

The  arrangement  of  the  pairs  of  pores  may  be  in  simple  series,  when  one 
2)air  is  placed  over  the  other  from  peristome  to  apex;  they  are  liserial 
(“bigeminal”  auct.)  when  placed  so  that  there  are  two  vertical  rows  of  pairs, 
one  nearer  the  ambulacro-interradial  suture  than  the  other ; and  triserial 
(“trigeminal”)  when  there  are  three  vertical  rows  of  pairs.  Simple  series  of 
pores  are  either  absolutely  straight,  or  in  arcs  of  three  or  more  pairs. 
Oblique  series  are  those  in  which  there  is  an  outward  slant  of  three  or  more 
consecutive  pairs  from  above  downwards. 

Ambulacra  are  simple  or  perfect  when  they  are  band-shaped  and  continuous 
from  pole  to  pole,  or  when  the  direction  of  the  pairs  of  pores  is  but  slightly 
flexuous.  Petaloid  or  circumscript  ambulacra  are  those  which  enlarge  between 
the  apex  and  equatorial  circumference  (ambitus),  and  contract  again  more  or 
less  perfectly  before  reaching  that  region.  Suh-petaloid  ambulacra  are  more 
elongated  than  the  petaloid,  and  the  pairs  of  pores  do  not  tend  to  close 
distally.  The  pores  do  not  cease  altogether  at  the  end  of  the  petaloid  parts, 
but  remain  traceable  for  some  distance  beyond,  often  as  far  as  the  mouth.  In 
such  cases,  however,  the  rows  become  uniserial,  and  the  pores  are  greatly 
reduced  in  size,  or  present  other  marked  differences  from  those  of  the  petaloid 
parts.  The  poriferous  zones  are  said  to  be  discontinuous  or  interrupted  when 
the  pairs  of  pores  cease  at  the  ends  of  the  petals,  and  reappear  in  the  vicinity 
of  the  mouth.  Sometimes  the  dorsal  portions  of  the  ambulacra  are  petaloid, 
and  the  rest  simple,  except  often  near  the  peristome. 

Dorso-central  or  Apical  System. — This  is  abactinal  or  dorsal,  and  is  ordinarily 
composed  of  ten  plates  arranged  in  two  alternating  zones  or  circles  of  five 
plates  each.  The  uppermost  circle  is  interradially  situated,  and  consists  of 
large  pentagonal  or  hexagonal  pieces,  called  the  basal  or  genital  plates.  These 
are  usually  perforated  by  one  or  more  ducts  communicating  with  the  genital 
glands ; but  when  less  than  the  full  number  of  glands  are  developed,  the 
corresponding  basal  plates  are  impunctate.  The  posterior  basal  is  very  often 
imperfectly  developed  or  absent.  The  lower  circle  of  jffates  occupies  the 
summit  of  the  ambulacra,  and  consists  of  five  smaller  radial  plates  (formerly 
termed  “ ocular  plates  ”),  which  are  also  perforated.  In  the  Palceechinoidea 
the  radial  plates  may  be  pierced  by  more  than  one  canal ; but  all  other 
Echinoids  have  but  a single  canal  to  each  radial,  terminating  in  a single  or 
double  orifice.  These  openings  appear  to  relate  to  a primitive  large  tentacle, 
and  not  to  an  ocular  organ. 
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One  of  the  basal  plates,  namely,  the  right  anterior  one,  is  generally  larger 
than  the  rest,  and  serves  at  the  same  time  as  the  madreporic  body.  This 
fact  greatly  facilitates  the  orientation,  whenever  the  madreporite  is  preserved  ; 
unfortunately,  how'ever,  it  is  indistinguishable  in  the  majority  of  fossil  speci- 
mens. The  anterior  radial  plate  is  that  lying  to  the  front  and  on  the  left 
hand  of  the  madreporite-bearing  basal ; and  it  surmounts  the  odd  or  anterior 
ambulacrum  (Fig.  344,  D).  It  is  evident  from  the  inspection  of  any  Sea- 
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Apical  systems  of  A,  Polcccchhuis.  C,  S<flcnti>.  />,  eiilargcil.  Tlie  lAvih  are  designated  I — V. 


urchin  that  a plane  passing  through  the  odd  ambulacrum,  mouth,  anus,  and  the 
])Osterior  interamlmlacrum,  will  divide  the  test  into  two  symmetrical  halves. 

In  the  Exoa/dica  the  basal  plates  may  be  iu  contact  at  their  sides,  forming 
a compact  system  (Fig.  345,  B,  1>)-,  or  they  may  be  separated  by  some  of  the 
j.  jj  radial  })lates  which 

'■  • unite  along  the 

median  line  and 
push  the  posterior 
basals  backward, 
forming  an  elongate 
system{Y\g.  345,  (J). 
When  the  two  pos- 
terior ambulacra 
{liivium)  do  not 
terminate  at  the 
/.  summit  in  line 

with  the  other 
three  (frivinm), and 
are  surmounted  by 
radials  placed  far 
posteriorly,  the 
system  is  said  to 
be  disjunct  or  dis- 
connected. The  ])0S- 
'■■‘f’-  3io.  terior  radials  are 

then  separated 
from  the  jiostero- 

ateial  liasals  by  a number  of  interambulacral  plates  intercalated  alone  the 
dorsum  (Fig.  345,  A). 

In  the  Clypeastndue,  Ilolectypoida,  and  many  of  the  Cassidulidae,  the  apical 
s}stem  consists  of  five  minute  radial  jilates,  and  one  large,  pentagonal,  central 


"'Tr'l!''*  ''■  Jl,  Ilokchrims.  C,  Ilyho 

'lypu,.  I),  Mu-rnster.  E,  Conorhjpcus.  F,  Clypaisttr. 
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plate,  which  probably  represents  five  fused  basals,  and  is  usually  pierced  in 
four  or  in  all  of  its  interradial  angles  by  genital  pores  (Fig.  345,  E,  F). 

Periproct. — This  is  within  the  apical  system  in  all  regular  Sea-urchins,  and 
at  a variable  distance  beyond  it  in  the  median  line  of  the  posterior  inter- 
ambulacrum when  the  test  is  exocyclic.  The  plates  of  the  periproctal 
membrane  may  be  few  and  symmetrical,  or  numerous  and  irregular,  and 
arranged  concentrically  about  the  anal  orifice.  The  Saleniidae  have  a large 
suranal  plate  immediately  in  front  of  the  latter.  The  periproct  is  usually 
circular,  but  may  vary  from  elliptical  to  pyriform.  Its  position  on  the  test 
is  of  great  systematic  importance. 

Peristome. — This  is  more  or  less  central  and  actinal  in  the  Endocijdka,  and 
is  decagonal  or  pentagonal  in  contour ; and  there  are  not  infrequently  five 
or  ten  incisions  along  its  edges  for  the  reception  of  external  branchiae. 
In  the  Exocyclica  it  is  variable  in  shape  and  position,  but  is  usually  actinal, 
and  eccentric  in  front.  Sometimes  it  is  semilunar  in  outline,  with  a posterior 


Dental  system  of  the  recent  Eckimis 
miliaris,  Leske,  seen  from  within  the 
test,  a,  Jaws  or  pyramids  ; h,  Tooth  ; 
c,  Epiphysis  or  arcus  ; d,  Brace ; 
e,  Rotula  or  compass  ; p,  Peristome ; 
airiy  Ambulacrum ; an,  Auricles  (after 
Bertrand). 


Dental  apparatus  of  Sphaer echinus.  A,  View  of  the  flat  upper 
surface,  a.  Half- pyramid  with  overlying  pieces  removed  ; ; 6,  c, 
Epiphyses  ; d,  Brace  (Zwischenhieferstiick) ; e,  x,  Rotulae  or  com- 
passes ; w,  Symphyses  of  the  half-pyramids,  with  alveoli  on  the 
inner  face.  The  letters  y and  z mark  the  Amh  and  lAmh  areas, 
respectively.  B,  C,  Half-i>yramids  seen  sidewise  and  from  within. 
a,  Lateral  Avings  ; i,  Tooth  ; c,  Supra-alveolar  process. 


labrum.  Its  plated  membrane  is  attached  to  the  pyramids  of  the  jaws  in 
Gnathostomes ; otherwise  the  inner  edge  is  free. 

Around  the  peristome  the  pairs  of  ambulacral  pores  are  often  crowded.  Or 
they  may  form  a kind  of  rosette,  in  which  some  of  the  pairs  are  wider  apart 
than  others,  and  some  are  put  out  of  place  and  doubled  ■,  such  an  arrangement 
is  called  a phyllode.  In  the  Cassidulidae  the  phyllodes  are  sunken,  and  the 
interambulacral  areas  between  them  are  swollen  so  as  to  form  lip-shaped  ridges 
{bourrelets  buccaux),  the  whole  forming  & floscelle  about  the  mouth. 

Jaws. — All  Sea-urchins,  with  the  exception  of  the  Spatangoids,  and  pos- 
sibly some  of  the  Holectypoids,  are  provided  with  a powerful  masticatory 
apparatus,  commonly  known  as  “Aristotle’s  Lantern.”  In  the  Endocyclica 
(Figs.  346,  347)  the  system  consists  of  five  hard  interradially  situated  teeth, 
which  are  in  relation  with  as  many  pyramids  resting  upon  the  peristome 
internally,  and  whose  free  ends  are  capable  of  being  moved  towards  one 
' another  or  apart.  The  pyramids  form  collectively  a hollow  cone  or  three- 
sided  pyramid,  with  the  apex  directed  downwards,  and  the  teeth  slightly 
projecting  beyond  the  peristome.  The  pyramids  are  connected  with  one 
' another  by  muscles  at  their  sides  ; at  their  upper  junction  there  are  five 
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radiating  outwards  from  the  central  axis  of 


a long  bifid  jirocess 
outer  concave  face, 


an 


the  rotula  or 
and  two 
The  teeth 
are  more  or 


Iraces  {fakes,  Zwischenlieferstiicl'c) 
the  jaws ; and  aliove  each  Ijrace  there  is 
compass  (GahelstiicJc).  Each  jiyramid  has 

flattened  sides,  forming  a hollow  groove  in  which  the  tooth  runs, 
are  correspondingly  grooved  or  keeled,  pointed  actinally,  and 
less  vertical. 

The  jaws  of  the  exocyclic  Gnathostomes  are  similar  to  those  just  described, 
except  in  the  Clypeastroids,  where  they  are  low,  often  unsymmetrical,  and 

the  teeth  are 
aslant  or  even 
nearly  horizon- 
tal (Fig.  348). 
Itotulae  are  ab- 
sent, and  the 
braces  are  nuli- 
mentary.  The 
])yramids  are 
solid  almost  to 
their  upper 
part,  more  or 
less  concave,  or 
re-entering  on 
Jaws  are  rarely  jire- 


Fig.  318. 

A,  CJypfaster  reiicxilatuSy  Loven.  Recent.  Tlie  dental  system  entire,  seen  from 
above.  The  rotulae  are  placed  upon  the  sutures  of  adjoiniiif'  jiymmids,  witli  an 
epijdiysis  on  either  side.  Teeth  in  line  with  the  mesial  sutfires  of  half-pyramid.s,  and 
within  the  rinj<  formed  by  the  suiira-alveolar  crests  (after  Loven).  i>,  «,  Front  view 
of  a single  pyrainhl.  Ji,  h,  Side  view  of  one  of  the  half-pyramids. 


the  outer  side,  and  are  not  always  of  the  same  size, 
served  in  the  fossil  state. 

All  Echinoids  having  a dental  system  arc  provided  also  with  a perignaihic 
girdle  (also  termed  auricles).  This  is  a structure  composed  of  ambulacral 
jirocesses  and  interambulacral  ridges,  which  together  surround  and  underlie 
the  jaws,  and  furnish  attachment  for  their  muscles.  The  girdle  is  continuous 
when  the  ambulacral  processes  are  arched  over  and  connected  at  their  sides 
by  ridges  consisting  of  turned  up  and  fused  interambulacral  plates ; and 
discontinuous,  ns  in  Cidaris  and  the  Clypeastroids,  when  there  are  cither  simple 
ridges  or  simple  processes  without  their  union  (Duncan).  The  girdle  is 
develoiied  from  the  test  itself,  and  does  not  therefore  belong  to  the  dental 
system. 

Tnhercles  and  Spines. — The  plates  of  Echinoids  are  almost  always  covered 
with  wart-like  tubercles  and  granules,  which  carry  various  kinds  and  sizes  of 
s))incs.  The  larger  and  comiiletely  devclojied  tubercles  are  enWed  gn'wiaries; 
those  of  a smaller  size  arc  secondaries ; and  very  small  tubercles,  sometimes 
incomplete  in  their  development,  are  miliaries.  Granules  are  irregular  or 
nodular  projections  of  the  test ; they  may  be  large  and  widely  separated,  or 
very  numci'ous  and  of  various  sizes.  The  base  of  a tubercle  is  termed  the 
loss,  and  its  upper  part  may  be  either  plain  or  crenulated.  The  boss  supports 
a rounded  mamelon,  which  is  said  to  ])e  gjcrforatcd  when  jiierced  by  a central 
foramen  for  a slight  distance,  or  imperforate  when  it  is  not.  A plain  or 
sunken  space  surrounding  the  base  of  the  tubercle  is  called  the  scrohicule,  or 
areole  ; its  outer  limit,  the  scrolicular  circle,  is  generally  marked  by  a ring  of 
granules,  but  in  many  cases  the  scrobicules  of  the  same  meridian  are  con- 
tinuous. Secondary  tubercles  may  or  may  not  be  scrobiculate. 

All  the  tubercles  of  Sea-urchins  bear  movable  spines,  which  vary  greatly 
in  dimensions,  and  in  the  shape  and  nature  of  their  cross-sections.  They  are 
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Cidaricl  Spines. 
E,  Porocidaris. 


Fig.  340. 

Cidaris. 


A,  B. 


D,  Acrocidaris. 


usually  cylindrical,  acicular,  clavate,  or  spatulate  in  form,  and  consist  of  the 
following  parts  ; — A more  or  less  elongate  distal  portion  or  shaft ; a hase,  to 
which  ligaments  are  attached  for  keeping  the  spine  in  place ; and  an  articu- 
lating joint  or  condyle  {acetabulum),  forming  a ball  and  socket  joint  wdth  the 
tubercle  proper.  When  the  base  of  the  mamelon  is  crenulated,  the  base  of 
the  S2iine  is  incised  in  the  same  manner,  ^ b d e 

and  above  the  latter  is  usually  a milled 
ring  or  collar,  the  indentations  of  which 
are  continuous  with  the  strise  of  the 
shaft.  The  function  of  sjnnes  is  to 
support  the  test,  to  aid  in  locomotion, 
and  for  defence.  In  rare  cases  some 
of  the  splines  are  fixed,  and  arise 
directly  from  the  test  (Podocidaris). 

Fascioles  are  narrow  bands  of  close 
granular  ornamentation  which  sujiport 
rudimentary  spinules  and  j^edicellariae. 

They  occur  only  in  the  Spatangoids, 
and  are  restricted  to  certain  jmrts  of 
the  test.  The  peripctalous  fasciole 
follows  the  margin  of  the  ^^etaloid 
parts  of  the  ambulacra.  The  anal 
fasciole  surrounds  the  anus,  and  the 
suhanal  fasciole  encloses  a space  or 
plastron  beneath  the  anus,  but  may  send  anal  branches  upward.  The  internal 
fasciole  crosses  the  ambulacra  at  a variable  distance  from  the  ajoical  system, 
and  the  marginal  fasciole  encircles  the  test  above  the  ambitus.  For 
those  Sjaatangoids  with  subanal  fascioles,  Lov4n  has  j:)ro240sed  the  name 
Prymnodesmia ; genera  without  them,  and  with  other  fascioles,  are  Prymnadetes, 
and  those  without  any  fascioles  are  Adetes. 

Pedicellariae  are  small,  highly  specialised  sjnnes  articulated  uj^on  granules, 
and  scattered  in  between  the  spines  ^iroj^er  over  the  whole  surface  of  the  test. 
At  the  end  of  the  stem  is  a head  consisting  of  two  or  three  jrincer-like  valves, 
whose  office  is  to  catch  uj^  and  jiass  along  foreign  matter  that  has  become 
entangled  among  the  tubercles  and  sjoines. 

SjDheridia  are  opalescent  s^iheroidal  bodies  which  are  either  }fiaced  visibly 
upon  short  stalks,  or  are  jrartially  or  even  entirely  covered  by  the  test.  They 
occur  in  all  Echinoids  with  the  excejotion  of  the  Gidaridae,  belong  exclusively 
to  the  ambulacra,  and  are  found  usually  near  the  jieristome.  Anatomically 
the  spheridia  may  be  considered  as  modified  sj^ines  having  sensory  functions, 
probably  of  taste  or  of  smelling. 

Ontogeny. — The  early  ontogenetic  stages  of  Sea-urchins  are  similar  in  many 
respects  to  those  of  Oirhiuroids  and  Star-fishes,  but  have  little  in  common  with 
the  larvae  of  Crinoids.  Certain  changes  affecting  the  test  during  the  course 
of  its  development  are  of  great  morj^hological  interest,  such  as  the  formation 
of  tubercles,  variations  in  the  number  of  j^lates  in  the  Echinidae  and  other  of 
the  Piegulares,  the  transformation  of  simple  ambulacra  into  jretaloid  in  the 
Echinolampidae  ; the  migratory  character  of  the  j^erij^roct  in  many  Cassiduloids, 
etc.  Much  light  is  shed  upon  these  phenomena  by  comjoarison  with  fossil  forms, 
many  of  which  retain  permanently  features  which  are  now  exhibited  transitorily. 
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Homologies. — The  Echinoidea  differ  radically  from  the  Pelmatozoa  and 
Asferozoa  in  that  arms  are  completely  wanting;  and  although  the  principal 
viscera  (ambulacral,  blood,  nervous,  and  digestive  systems)  are  similarly 
formed  and  situated,  the  dermal  skeleton,  on  the  other  hand,  is  very  differently 
developed  in  the  three  groups.  The  ambulacra  of  Echinoids  are  without 
arm  supports,  vertebral  disks,  or  ambulacral  ossicles.  The  system  is  confined 
to  the  interior  of  the  test,  and  is  covered  over  with  ])lates  which  are  possibly 
comparable  with  the  adambulacral  plates  of  the  I’elmutozoa  and  Asteroidea. 
Great  phyletic  importance  was  attached  by  A.  Agassiz,  Loven,  and  P.  H. 
Carpenter  to  the  homology  between  the  dorso-central  system  of  Sea-urchins 
and  the  base  of  Pelmatozoans ; the  basals  and  radials  of  that  system  being 
supposed  to  correspond  to  the  like-named  plates  of  Crinoids  ; and  the  large 
central  plate  developed  in  the  periproct  of  young  Ilegulares  (the  so-called 
dorso-central  plate)  was  regarded  by  Lovcni  and  others  as  the  solidified  homo- 
logue  of  five  crinoid  basals  or  under-basals,  whilst  Carpenter  considered  it  to 
be  the  ecpiivalent  of  the  radical  plate  or  root-disk  at  the  extremity  of  the 
Crinoid  stem.  Xeumayr,  Semon,  and  others  have,  however,  advanced  weighty 
arguments  against  this  hypothesis,  and  regard  all  of  the  above-mentioned 
resemblances  as  cases  of  parallelism.^ 

Halits. — Sea-urchins  are  exclusively  marine  forms,  and  all  are  more  or 
less  gregarious.  Many  sjiecies  abound  in  littoral  zones,  some  thriving  on  the 
edge  of  low-water  mark  (Chipeaslridae).  Others  are  found  in  zones  ranging 
from  400-600  fathoms  (Diademafoidea),  and  a few  have  been  dredged  from  a 
depth  of  nearly  3000  fathoms.  Xumerous  endocyclic  Sea-urchins,  along 
coasts  exposed  to  the  action  of  the  waves,  live  in  cavities  which  they  bore 
with  their  teeth  out  of  the  solid  rocks.  The  same  species,  however,  does  not 
excavate  in  sheltered  places. 

About  300  recent  species  are  known,  as  compared  with  fully  2500 
fossil.  The  earliest  types  make  their  appearance  in  Ordovician  rocks 
( IJoflrriociduris),  and  continue  to  be  represented  sparsely  throughout  the 
Palaeozoic  era.  They  multiply  enormously  in  the  Mesozoic,  and  reach  the 
climax  of  their  development  in  the  early  Tertiary;  after  which  they  begin 
steadily  to  decline.  As  a rule,  the  species  have  a very  limited  vertical  range, 
and  hence  serve  admirably  as  index  fossils.  The  test  is  often  perfectly  pre- 
served, bnt  even  small  fragments  are  capable  of  accurate  determination,  owing 
to  the  regular  repetition  of  isomeres. 

The  number  of  meridional  rows  of  plates  in  the  corona  is  used  as  a 
basis  for  dividing  the  Echinoidea,  into  two  sub-classes — Ealceechinoidea  and 
E ucchinoidea . 

Sub-Class  1.  PAL.SECHINOIDEA.  Zittel. 

Test  composed  of  more  titan  twenty  meridional  rows  of  plates,  or  in  one  order 
(Botliriocidaroida)  of  less  than  twenty.  Elates  of  the  areas  overlapping  or  not. 
Peristome  actinul,  central,  with  jaws.  Periproct  within  the  dorso-central  system  or 
in  the  posterior  interambulacrum  beyond  (Cystocidaroida). 

With  the  exception  of  the  Triassic  Tiarechinus,  all  members  of  this  sub-class 
are  restricted  to  the  Palaeozoic  era. 

' [For  vahialile  notes  on  the  homologies  of  Echino<lernis,  see  Af/assiz,  A.,  C'alamocrinus  Diomedae 
(Mem.  Museum  Comp.  Zool.  Cambridge,  vol.  XVII.  pp.  84-96),  1892. — Trans.] 
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Order  1.  CYSTOCIDAROIDA.  Zittel. 

Test  exocyclic,  globular  or  ovoid,  thin.  Amlmlacra  narroiv,  straight,  with  four 
vertical  rows  of  plates,  each  with  a central  pair  of  pores.  Interambulacra  broad, 
ivith  numerous  vertical  rows  of  irregular,  scale-like  plates,  each  with  a small  primary 
tubercle  surrounded  by  a scrohicule.  Periproct  in  the  posterior  interambulacrum 
above  the  ambitus.  Peristome  small,  with  highly-developed  jaws. 

Echinocystites,  Wyv.  Thoms.  (Cystocidaris,  Zitt.)  This  aberrant  genus,  with 
the  characters  of  the  order,  occurs  in  the  Silurian  of  Scotland,  and  was  regarded 
by  its  founder  as  transitional  between  the  Echinoidea  and  Cystoidea. 


Order  2.  BOTHRIOCIDAROIDA.  Zittel. 

Test  regular,  more  or  less  spherical.  Interamhulacra  with  one,  and  ambulacra 
with  two  vertical  rows  of  plates,  which  do  not  imbricate.  Peripiroct  in  the  apical 
system. 

The  solitary  genus  is  Bothriocidaris,  Eichwald  (Fig.  350),  from  the  Ordo- 


Fig.  350. 

Bothriocidaris  Palileni,  Sdimidt.  Ordovician;  Nominis,  Estlionia.  A,  Test  of  the  natural  size.  B,  Apical 
system,  enlarged.  C,  Peristome,  enlarged  (after  F,  Schmidt). 


vician  of  Esthonia.  The  test  is  small,  and  the  apical  system  consists  of  five 
large  radial  plates  limiting  the  periproct,  each  with  two  pores ; and  five  small 
imperforate  basal  plates. 


Order  3.  PERISCHOBCHINOIDA.  M'Coy. 

Test  regular,  globular  or  ovoid,  with  more  than  two  vertical  rows  of  interam- 
hulacrcd  plates  ; and  with  two  or  many  columns  of  amhulacral  plates,  each  with  a 
pair  of  pores.  Plates  thick  and  rigid,  or  thinner  and  more  or  less  overlapping. 

Family  1.  Archaeocidaridae.  M‘Coy. 

Ambulacra  narrow,  each  with  only  two  columns  of  poriferous  plates.  Intercnn- 
Inlacral  plates  with  bevelled  edges,  and  usually  overlapping.  Devonian  to  Permian. 

Lepidocentrus,  Muller  (Fig.  351).  lAmb  with  five  to  eleven  columns  of  plates 
at  the  ambitus.  Amb  very  narrow,  with  low  broad  plates,  and  continued 
beyond  the  peristomial  margin  to  the  true  mouth.  Tubercles  distant ; spines 
small,  subulate.  Devonian  ; Europe. 


220 


ECHIXODERMATA— ECHINOIDEA 


SUB-BRANCH  III 


Koninckocularis,  Dollo  and  Buiss.  Europe.  Perisclwdomus,  M'Coy.  Car- 
boniferous ; Europe  and  North  America. 

Archaeocidaris,  M‘Coy  {Palaeocidaris,  Desor),  (Fig.  .3.52).  Test  large.  Amh 
straight,  reaching  to  the  stoma ; plates  irregular,  imbricating  adorally.  lAmb 


Fig.  351. 


A,  leplrJorntfrvs  nhe.nanus,  Beyr.  Devonian  ; Wippcrfnrtli,  Eifel.  Cast  of  the  interior  of  test  showing  jaws, 
i/i  (after  J.  Muller).  B-D,  Ijiiiidocenlrus  Mullen,  Schultze.  Devonian  ; Gerolstcin,  Kifel.  Jl,  Portion  of  Amb, 
enlarged.  C,  Several  lAmh  plates,  i/i.  D,  Two  detached  lAmb  plates,  showing  oblique  edges,  i/j. 


with  three  to  seven  columns  of  large  thin  plates,  the  median  ones  hexagonal,  the 
adamlmlacral  pentagonal  or  rounded.  Median  plates  bevelled  slightly  over 
those  on  either  side,  and  these  over  others  to  the  ambulacral  edge.  Each  lAmb 


A 


Fig.  352. 


ArrlineocUlarh  Wortheni,  Hall.  Snh-Carhonifcrons ; Burlington,  Iowa.  A,  Portion  of  ventral  region,  showing 
jaws,  1/,.  li,  An'JAmh  iilate  viewed  from  above  and  from  the  side.  C,  Portion  of  Amb,  enlarged.  D,  Spine,  l/i 
(after  Hall). 

plate  with  a large  primary  tubercle,  surrounded  by  a large  flat  scrobicule  and 
a circlet  of  granules.  Primary  spines  large,  usually  serrated.  Carboniferous 
Limestone  ; Great  Britain  and  North  America.  Permian  ; England. 

Lepidocidaris,  INIeek  and  AVorthen.  Sub-Carboniferous ; North  America. 
Lepidechinus,  Hall.  Upper  Devonian  and  Sub-Carboniferous ; North  America. 

Xenocidaris,  Schultze.  Founded  upon  clavate  spines  from  the  Devonian  of 
the  Eifel. 
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Family  2.  Melonitidae.  Zittel.^ 

Ambulacra  more  or  less  broad,  composed  of  several  columns  of  poriferous  plates 
in  all  genera  except  Palceechinus  and  Bho'echinus,  where  there  are  but  two.  Car- 
boniferous. 

Palceechinus  (Scouler),  M‘Coy  (Fig.  -353).  Test  spheroidal,  rigid.  Amb 
straight,  composed  of  two  vertical  rows  of  low  thick  plates,  extending 
across  the  half  Amb  or  not. 

Pairs  of  pores  in  two  ver- 
tical rows  on  each  side  of 
an  Amb;  the  outer  pairs 
either  in  denii- plates  or 
primaries  ; the  inner  pairs 
always  in  primaries,  which 
may,  however,  be  short. 
lAmb  broad,  convex,  with 
five  to  eight  columns  of 
tumid  plates,  diminishing 
toward  the  poles.  Peri- 
proct  in  apical  system,  sur-  Fm-  353. 

rounded  by  five  large  basal  , Ppl<eecMmis^eUgans  WCoy.  Carboniferous  Limestone ; Ireland. 

o ufl,  lest,  1/x.  Apical  system,  enlargecl  (alter  Baily). 

plates,  each  perforated  by 

one  or  three  canals,  and  five  doubly  perforated  radial  plates.  tSilurian  ; 
England.  Carboniferous  Limestone  ; Great  Britain. 

Rho'echinus,  Keeping.  Like  the  preceding,  but  ambulacral  plates  never 
compound,  and  only  one  vertical  row  of  pore  pairs  on  each  side  of  an  Amb,  a 
pair  to  each  plate.  I Amb  with  four  to  eight  columns  of  jilates  diminishing 

toward  the  poles,  slightly  overlapping.  Radials  sometimes  wanting.  Car- 
boniferous Limestone  ; Great  Britain.  Sub-Carboniferous;  North  America. 

Oligoporus,  Meek  and  Worthen.  Like  Melonifes,  but  Amb  with  only  four 
columns  of  plates,  and  I Amb  with  five  to  nine  columns  at  the  ambitus,  diminishing 
in  number  toward  the  jioles.  According  to  Jackson,  the  interambulacral  plates 
develop  like  those  of  Melonifes.  The  Amb  terminate  at  the  peristomial  margin 
in  two  plates,  which  pass  gradually  by  lateral  expansion  into  the  four  columns 
of  the  adult.  Sub-Carboniferous  ; North  America. 

Melonifes,  Norwood  and  Owen  (Fig.  354).  Test  very  large,  ellipsoidal, 
grooved  longitudinally.  Amb  broad,  concave  on  both  sides  of  a median  ridge, 
with  six  to  twelve  columns  of  plates,  each  perforated  near  its  outer  border  by  a 
pair  of  pores.  Plates  slightly  imbricated,  the  median  rows  the  largest.  I Amb 
with  four  to  eleven  columns  of  plates,  diminishing  in  number  toward  the  poles. 
The  median  plates  are  hexagonal ; the  two  rows  adjacent  to  the  Amb  pentagonal, 
with  the  edges  indented  by  the  zigzag  of  the  ambulacro-interraclial  suture. 
Edges  of  plates  sometimes  oblique,  especially  when  thick.  Tubercles  very 

^ Rocmer,  F.,  Ueljer  den  Ban  von  Melonites  multipora  (Arch,  fiir  Naturge.scli.  BJ.  XXI.),  1855. 
Etheridge,  R.,  On  Relationships  between  the  Echinothuridae  and  Perischoechinidae  (Quar.  Journ. 
Geol.  Soc.  vol.  XXX.),  1874. 

Keeping,  IT.,  On  the  Discovery  of  Melonites  in  Britain  (Quar.  Journ.  Geol.  Soc.  vol.  XXXII.),  1876. 
Duncan,  P.  31.,  On  the  Anatomy  of  Pala;echinus  (Ann.  and  Mag.  Nat.  Hist.  [6]  vol.  III.),  1889. 
Keyes,  C.  R.,  Palaeozoic  Echinodermata  (Proc.  Iowa  Acad.  Sci.  vol.  II.),  1894. 

Jackson,  R.  T.,  and  Jaggar,  T.  A.,  Studies  of  Melonites  rnnltiporus  (Bull.  Geol.  Soc.  America, 
VII.),  1896. 

Jackson,  R.  T.,  Studies  of  Palasechinoidea  (Bull.  Geol.  Soc.  America,  VII.),  1896. 
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small,  numerous  ; 

A 


Fig.  3.-, 4. 

^fclonites  multlpnru,  Xorwond  ami  Owpii.  Sub-Cai'boniffroiis  ; St.  Louis,  Missouri.  A,  Te.st,  V-j  natural  .size. 
]:,  Uorso-ceutral  system,  sliglitly  enlarged  (after  Jleek  and  Worthen). 

with  three  to  five  genital  perforations  ; radials  sometimes  with  a single  pore. 
Sub-Carboniferous  ; North  America  and  Europe. 

[As  shown  by  Jackson  and  Jaggar  {Studies  of  Mclonilidac),  the  lAruh  of  Melonitcs 
enter  the  ])eristoinial  margin  as  two  plates.  Passing  dorsally,  new  columns  are  introduced, 
rapidly  at  first,  until  the  full  complement  is  reached  at  or  a little  above  the  ambitus.  The  initial 
plates  of  new  columns  are  pentagonal,  with  a more  prominent  apex  of  the  ])ontagon  jiointiiig 
ventrally  ; and  an  adjacent  ])late  is  characteristically  heptagonal,  thus  facilitating  the  orienta- 
tion of  obscure  fragments.  Newly  added  plates  near  the  dorsal  area  are  more  or  less  rhombic 
in  outline.  The  Amh  terminate  actinally  in  four  plates  ; and  new  vertical  columns  are  added 
between  the  jnedian  and  lateral  columns  on  cither  side,  increasing  dorsally.] 

Lepidesthes,  Meek  and  Worth.  Test  large.  Amh  broad,  with  eight  to 
eighteen  columns  of  small  plates  imbricating  adorally  ; and  pores  in  single, 
or  occasionally  in  double  [tairs.  I Amh  -with  three  or  more  columns  of  plates 

imbricating  aborally  and  laterally.  Sub-Carbotiiferous  ; North  America. 

lli/hoecliiims,  Worthen  and  IMiller  ; l‘hoJidocidaris,  Meek  and  AVorthen. 
Sub-Carboniferous ; North  America. 


s[)ines  minute,  acicular. 


Periproct  circular ; basal  plates 

It 


Family  3.  Tiarechinidae.  Zittel. 

■irnhulacra  narrow,  with  two  vertical  rows  of  plates  pierced  hy  a jiair  of  pores. 
^ Interamhulacra  with  a sinyle  peristomial 

followed  hy  three  vertically  clonyated  plates  only, 
one  on  either  side  <f  the  narrower  median  pilate. 
Ilasals  large,  with  two  genital  perforations; 
radials  smaller,  imperforate,  and  notching  the 
union  of  the  hasals  slightly. 

Tiarcchinus,  Neumayr  (Pig.  355).  The  test 
of  this  unique  genus  is  very  small,  flat  actinally, 
and  sub -hemispherical  dorsally.  Below  the 
ambitus  and  actinally  the  ornament  consists 
of  a ])lain  primary  tubercle  to  each  plate  ; else- 
wdiere  the  test  is  coarsely  granular,  including  the  very  large  apical  system.  The 
solitary  species,  T.  princeps,  Laube  sp.,  occurs  in  the  Trias  of  St.  Cassian,  Tyrol. 


Ttorerhinus  princep.Sy  T^iuhe. 
St.  Cassian,  Tyrol.  Vonlral 


Upper  Trias ; 
and  lateral 


aspects,  higiily  inagnined  (after  Luveii). 
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Sub-Class  II.  EUECHINOIDEA.  Broun. 

Test  composed  of  two  vertical  rows  of  plates  in  all  of  the  amhulacra  and  inter- 
ambulacra. Periproct  either  within  the  dorso-central  system  or  in  the  posterior  inter- 
ambulacrum at  a variable  distance  beyond.  Peristome  actinal,  rarely  anterior. 
Jaws  present  or  absent.  Permian  to  Eecent. 

The  older  division  into  the  two  orders  of  Desor,  Ecgularcs  and  Irregxdares  {= Endocyclica 
and  Exocijdica,  Wright),  with  their  further  division  into  two  sub-orders  each  [Holostomata  and 
Glyphostomata  of  the  eudocyclic,  and  Gnathostomata  and  Atelostomata  of  the  exocyclic  orders), 
is  now  superseded  by  the  erection  of  five  indeiiendent  orders,  as  follows  : — Cidaroida,  Diadcma- 
toidM,  Holectypoida,  Clypeastroida,  and  Spiatangoida.  Of  these  the  first  two  correspond  to  the 
Eegulares,  and  the  remainder  to  the  Irrcgulares.^ 


Order  1.  CIDAROIDA.  Duncan. 

“ Euechinoidea  with  an  actinal,  central  peristome  and  an  abactinal  periproct, 
situated  within  the  dorso-central  system ; with  internal  branchiae  only,  and  having 
jaws  and  more  or  less  vertically  placed  teeth,  and  a discontinuous  perignathic  girdle; 
the  interambulacral  as  well  as  the  amhulacral  plates  continued  beyond  the  peristome  to 
the  true  mouth.  Spheridia  absent  ” (Duncan). 

Family  1.  Cidaridae.  Wright. 

Test  spheroidal ; the  ambulacra  narrow,  composed  of  very  numerous  low  plates, 
which  are  usually  primaries,  rarely  compound,  each  with  a pair  of  pores  arranged  in 
single  or  rarely  in  double  series  ; interporiferous  areas  tvith  large  and  small  granules 
only.  Interambulacra  broad,  composed  of  few  plates,  most  with  a large  primary 
scrobiculate  tubercle,  secondaries  and  granules.  Apical  system  large,  with  five  basal 
and  five  radial  plates,  each  with  a perforation.  Permian  to  Recent;  maximum  in 
Jura  and  Cretaceous. 

Section  A.  Ambulacral  Pairs  of  Pores  Uniserial. 

Cidaris,  Klein  (Figs.  356-.3S8).  Amb  undulating  or  nearly  straight,  the 
pores  variable  in  their  distance,  and  united  by  a groove  or  not.  lAmb  coronal 
plates  five  to  eleven  in  each  column.  Apical  system  large.  Primary  spines 
very  variable,  even  in  the  same  species.  Permian  to  Recent ; chiefly  Jurassic 
and  Cretaceous. 

Of  this  genus  more  than  200  species  have  been  described.  These  are  grouped  into  seven  or 
eight  artificial  divisions,  which  are  regarded  by  some  as  of  sub-generic,  or  even  generic  import- 
ance. The  groups  may  be  briefly  noticed  as  follows  : — 


^ [The  progress  of  the  zoology  and  morphology  of  the  recent  Echinoidea  during  the  last  couple 
of  decades  has  been  such  as  to  necessitate  numerous  changes  in  the  older  terminology  and  classifi- 
cation. The  framing  of  an  improved  system,  based  upon  the  new  grounds  and  expressive  of  the 
modern  views  entertained  in  regard  to  taxonomic  relationships,  was  the  last  undertaking  of  the  late 
Professor  P.  Martin  Duncan.  His  essay  on  the  “ Revision  of  the  Genera  and  Great  Groups  of  the 
Echinoidea,”  published  by  the  Linnean  Society,  has  been  of  the  greatest  service  in  extending  the 
descriptions  of  numerous  fossil  genera  in  the  present  chapter.  Following  the  example  of  Lang  and 
others.  Professor  Duncan’s  classification  has  been  adopted  almost  entirely.  A word  of  special 
acknowledgment  is  also  due  to  Mr.  W.  Percy  Sladen,  for  his  advice  and  generous  assistance  in 
editing  this  portion  of  the  Echinodermata. — Trans.] 
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(а)  Cularis,  s.  str.  /A  coronal  plates  fiv'e  to  eiglit.  A »i6  more  or  less  undulating  ; pairs 
of  ])ores  rather  close,  separated  by  a nodule  or  ridge,  rrimary  tubercles  perforated  and 
crenulated. 

(б)  liluthdocidaris,  Desor  (Fig.  359).  Test  large  and  swollen.  Poriferous  zones  wider  than 


A 


Fia.  35C. 


Cidaris  cnronntn,  Goldf.  Upppr  Jura  (y) ; Hossingen,  Wurtemherf;.  A,  Oor.sal  a.spect  of  test  with  perfectly 
preserved  apical  system.  li,  I’rolile.  C,  Portion  of  Aiiib,  magiiilied.  /J,  Partially  restored  view  with  spines 
attached. 


in  Cidaris,  the  two  pores  of  a pair  being  distant  and  conjugated.  Amh  in  general  straight. 
Tubercles  large,  strongly  crenulated,  and  more  numerous  tban  in  Cidaris.  Si)ines  very  stout, 


Pin.  337. 

Cidaris  trihuloidr.s,  Lam.  Recent.  Enlarged  view  of  peristome 
showing  plated  covering. 


.1  n 


Fio.  35S. 

CMirid  spines.  A, 
C.  (ilata,  Ag.  B,  C. 
dorsala,  Braun.  Trias  ; 
St.  Cassian,  Tyrol.  C, 
C.  floriyetmim,  Phill. 
Coral  Hag;  Wiltshire. 


some  cylindrical  or  prismatic,  often  spiniferous.  Chiefly  Jura  and  Cretaceous  ; less  common  in 
Tertiary  and  Recent.  | 
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(c)  Leiocidaris,  Desor.  Like  the  preceding,  but  witli  iincreiuilated  tubercles.  Spines  large, 
smooth,  cylindrical.  Cretaceous  to  Recent. 

(d)  Dorocidaris,  A.  Ag.  Like  Cidaris,  but  with  smooth  tubercles.  Recent. 

(e)  Slephanocidaris,  A.  Ag.  Test  thin  ; apical  system  larger  than  the  peristome,  the  plates 
feebly  united,  and  the  whole  flexible.  Recent. 

(/)  Phyllacanthus,  Brandt.  Test  large,  SAVollen,  and  with  eight  to  eleven  lAmb  plates.  Amb 
pores  in  a broad  zone,  conjugated.  Primary  tubercles  large,  smooth,  perforate.  Recent. 

(</)  Porocidaris,  Desor  (Fig.  361).  broad  and  straight ; pores  wide  apart,  conjugated. 

Primary  tubercles  perforate  and  crenulate.  Scrobicules  transversely  oval,  with  shallow  grooves 
radiating  from  the  periphery  toward 
the  centre,  with  or  without  pores  at  A 

the  outer  extremity  of  the  grooves. 

Tertiary  and  Recent. 

{h)  Goniocidaris,  Desor.  Test  high, 
with  numerous  coronal  jilates,  and 
narrow  Amb.  The  median  sutural 
regions  of  both  areas  are  sunken,  form- 
ing with  the  horizontal  sutures  a zigzag, 
with  pit-like  depressions  at  the  angles. 

Recent. 

Orihocidaris,  Cott.  Apical 
system  small,  pentagonal.  Amh 
narrow,  straight ; pairs  of  pores 
in  simple  straight  series,  the 
pores  separated  by  a granule. 

I Amh  very  broad,  numerously 
plated.  Primary  tubercles  small, 
plain,  perforate,  and  distant. 

Lower  Cretaceous ; Europe. 

Temnocidaris,  Cott.  Upper 
Cretaceous.  Polycidaris,  Quenst. 

Upper  Jura. 


Rkabdocidaris  d'Orhignyana,  Desor* 
Upper  Jura;  Kellieiin -Wiuzer,  Bavaria. 
A,  Fragment  of  test,  i/i*  di,  A^nb  x'^lates, 
enlarged. 


Section  B.  Ambulacral  Pairs 
OF  Pores  Biserial. 

Diplocidaris,  Desor.  Test 
large,  spheroidal.  Aynh  narrow, 
straight  ■,  poriferous  interporifer- 
ous  zones  of  equal  width.  Pairs 
of  pores  very  numerous,  close, 
alternating  more  or  less.  I Amb 

broad,  with  seven  to  eight  plates 
in  each  column.  Primary  tubercles 
large,  perforate,  scrobiculate. 

Upper  Jura;  Europe. 

Teiracidaris,  Cott.  (Fig.  362) 

Remarkable  in  having  four 
coronal  plates  in  each  lAmh  at 
the  ambitus,  but  diminishing  to 
jtwo  at  the  apex.  [It  should  be  noticed,  however,  that  A.  Agassiz  has  observed 
a somewhat  similar  division  in  the  lAmh  plates  of  the  recent  genus  Astropyga.'] 
Amb  straight,  moderately  broad.  Poriferous  zones  depressed,  pairs  incom- 
pletely biserial ; interporiferous  areas  narrow,  granular,  with  a row  of  plain 
VOL.  I Q 


Fig.  361. 

Porocidaris  Schmieddi,  Goldf. 
litic  Limestone ; Mokkatam, 
lAmb  idate  and  spine. 


Num  mu- 
near  Cairo. 


Fig.  300. 

PUo.bdoc'idaris 
horrida,  jVIerian. 
Middle  Jura. 
Spine,  Vi* 
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small  tubercles,  placed  near  the  borders  of  the  poriferous  zone.  lAmb  primary 


Fig.  362. 

Tefrocidoris  ]lcy7i€si,  Cott^au.  Neocoiniaii ; Vergans,  near  Castellane,  Basses  Alpes.  A,  Test  reflucetl  one 
lialf.  i>,  Portion  of  enlarged  (after  Cotteau). 

tubercles  very  large,  crenulate,  and  perforate.  Spines  narrow,  elongate. 
Lower  Cretaceous  (Barremien) ; Europe. 

Order  2.  DIADEMATOIDA.  Duncan. 

Euechinoitlea  with  an  acfinal,  central  ijeristome,  and  an  ahactinal  2'>eriprod 
situated  within  the  dorso-central  s//stein ; with  perfect  or  rudimentanj  or  absent 
internal  branchiae,  with  external  branchiae  and  incisions  in  the  peristome  ; with  jaws 
and  teeth  and  a continuous  perignathic  girdle;  amlndacral  plates  alone  continued 
beyond  the  peristome  or  as  separate  buccal  plates.  Sjdieridia  present.” — Duncan. 

Sub-Order  A.  STREPTOSOMATA.  Duncan. 

Test  more  or  less  flexible,  with  external  and  internal  branchiae.  Ambulacral 
j)lates  alone  continued  beyond  the  peristome  to  the  stoma. 

Family  1.  Echinothuridae.  Wj-ville  Thomson. 

'Test  thin,  flexible.  Coronal  gdates  with  imbricating  membraneous  edges.  External 
branchiae  small,  internal  sometimes  very  large.  'Tubercles  small;  spinel  short, 
cylindrical. 

This  family  is  represented  by  two  living  and  two  extinct  genera,  the  latter 
being  known  only  by  fragmentary  specimens.  Pelanechinus,  Keeping,  is  found 
in  the  Upper  Jura,  and  Echinothuria,  AVoodward,  in  the  Upper  Cretaceous  of 
England.  Phormosoma,  AVyv.  Thomson,  and  xisthenosorna,  Grube  {Calveria, 
Wyv.  Thomson),  inhabit  depths  greater  than  100  fathoms. 

Sub  Order  B.  STEREOSOMATA.  Duncan. 

'Test  right,  with  external  branchiae  and  rudimentary  or  absent  internal  branchiae; 
with  isolated  buccal  ambulacral  jAates. 
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Family  1.  Saleniidae.  Desor  (emend.  Duncan  and  Sladen). 

Apical  system  large,  with  a persistent  dor  so -central  plate  or  plates,  which  crowd 
the  anal  orifice  somewhat  out  of  the  centre  of  the  periproct.  Ambidacra  narrow,  with 
numerous,  simple,  low  primaries  ; rarely  compound  actinally.  Interambulacral  plates 
few,  with  large  tubercles.  Teeth  heeled.  Spheridia  present.  Jura  to  Recent. 

The  iH’esence  of  one  or  more  dorso-central  plates  in  the  apical  system  is  to  be  regarded  as  a 
persistent  embryonic  character.  In  all  other  regular  Urchins,  a large  dorso-pentral  plate  is  early 
developed,  but  becomes  gradually  resorbed. 

Peltastes,  Ag.  (Fig.  344,  D).  Amh  straight  or  slightly  flexuous,  with  simple 
plates,  and  with  small  primary  tubercles  near  the  poriferous  zones.  lAmh 
broad,  with  large,  imperforate  primary 
tubercles,  diminishing  in  size  toward 
the  poles.  Dorso-central  plate  small, 
united  to  the  large  lateral  basals,  but 
not  touching  the  posterior  one.  Upper 
Jura  and  Cretaceous. 

Salenia,  Gray  (Fig.  363).  Test 
small,  globose,  or  depressed.  Amb 
jilates  simple.  Dorso-central  plate  in 
contact  with  all  the  basals  radials 
large,  perforated  at  the  adoral  edge. 

Cretaceous  to  Recent. 

Goniophorus,  Agassiz.  Upper 
Greensand.  Heterosalenia , Cotteau. 

Cretaceous. 

Acrosalenia,  Ag.  (Fig.  364).  Test  depressed.  Amh  plates  simple  primaries 
near  the  apical  system,  compound  near  the  ambitus  and  actinally.  lAmh 
tubercles  large,  perforate,  and  crenulate  ; those  of  the  Amb  much  smaller,  and 


Salenia  scutigera,  Gray.  Wliite  Chalk ; Cliareiitc 
(after  Cotteau).  A,  Lateral  and  dorsal  aspects  of  test 
l/j.  B,  Apical  system,  enlarged. 


Fig.  364. 

Acrosalenia  hemiddaroides,  Wright.  Middle  Jnra ; Stanton,  Wiltshire.  Dorsal,  lateral,  and  ventral  aspects 
of  test,  l/i  (after  Wright). 

in  two  vertical  rows.  Periproct  large,  bounded  anteriorly  by  the  dorso-central, 
which  is  in  contact  with  the  four  large  anterior  basals.  Spines  cylindrical, 
striated,  or  plain.  Represented  by  numerous  species  from  the  Lias  to  the 
Lower  Cretaceous. 

Family  2.  Hemicidaridae.  Wright. 

Test  thick,  more  or  less  spheroidal  or  sub-conical.  Ambulacra  increasing  in 
width  actinally  ; the  pairs  of  pores  in  arcs  actinally  where  the  plates  are  compound  ; 


Fig.  3(iij. 

Acrociilii ris  nohiUs,  Upper  Jura  ; St.  Sulpice,  near  Lcjcle,  Xeucliatel. 
view,  f,  Spine,  i/i-  D,  Three  coniiiouinl  Amb  plates,  enlarged. 


A,  Dorsal  view.  B,  Ventral 


{b)  Ilijpodindeiiia,  De.soi'.  ^Lmb  narrow,  straight  ; their  tulierele.s  of  nearly  the  same  size 
thronghont.  Peristome  and  hrancliial  incisions  small.  Trias  to  Cretaceous. 

(f)  Fscudocidaris,  l^tall.  Amb  very  undulating  abactinally,  with 
])rimary  tuljerclcs  near  the  peristome,  granules  elsewhere.  Jura  and 
Cretaceous. 

ylcrocidaris,  Ag.  (Fig.  36G).  Test  large,  spheroidal 
dorsally,  Hat  actiiially.  Arnh  straight,  broad  at  the  ambitus; 
pairs  of  jiores  uniserial  and  in  simple  series  near  the  apex, 
in  arcs  of  from  four  to  seven  jiairs  near  the  larger  tubercles, 
crowded  and  polyserial  actinally.  lAmh  with  two  vertical 
rows  of  primary  tubercles ; only  the  largest  perforate  and 
crenulate.  Siiines  cylindrical,  often  tricarinate.  Upper 
Jura  and  Cretaceous. 

Goniojv/fjus,  Ag.  Apical  disk  large,  plates  more  or  less 
ornamented  ; basal  plates  punctured  on  adoral  margin.  Peri- 
stome very  large,  with  small  branchial  incisions.  Cretaceous 
and  Jiocene. 

(Fig.  367).  Amh  straight,  and  narrow  except  at  the  peri- 
stome, where  the  poriferous  zones  are  expanded ; with  two  vertical  rows  of 


ViG.  307. 

dhfpfirus  h itrofjhjph- 
icfis,  OoMf.  Coral 
(Glyptician) ; Friiigeli, 
8\vitzeiiaii«l.  Vi- 

Ghjpticns,  Ag 
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primary  tubercles  well  developed.  Inferamhdacral  plates  few  ; their  primary  tubercles 
very  large  at  the  ambitus,  but  decreasing  in  size  or  obsolescent  toward  the  poles; 

scrobicules  often  coalescing.  Permian  to  Cretaceous. 

llemicidaris,  Ag.  (Fig.  narrow;  plates 

near  the  apical  system  very  numerous,  small,  low 
primaries,  succeeded  by  j)lates  formed  of  from  two 
to  four  components,  together  with  additional  primary 
or  demi-plates.  Tuliercles  in  two  vertical  rows,  per- 
forate atid  crenulate.  lAmb  broad,  with  two  vertical 
rows  of  tubercles  similar  to  those  of  the  Arnh,  but 
Fig.  3G5.  niucli  larger.  Peristome  large,  with  well-developed 

Acmiciiiaris  creniihn-if:,  Liim.  branchial  iiicisioiis.  Permian  to  Cretaceous. 

.s|i.  Coral  Hag;  Cliatel  Censoire,  ,,,,  ,•  ii  • i • i 

Yoimc.  i/i.  ihe  following  sub-genera  are  recognised  : — 


(«)  Hcmid iadema,  Ag.  Amb  tuhcrcles  large,  and  few  in  number  below  the  ambitus, 
alternating  di.stinctly.  Jura  and  Cretaceous.  Jf.  stramonium,  Ag. 
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small,  smooth,  primary  tubercles.  lAmb  tubercles  replaced  abactinally  by 
warty  or  irregular  elongate  elevations.  Epistroma  much  developed.  Abun- 
dant in  Upper  Jura. 

Family  3.  Diadematidae.  Wright. 


Test  highly  ornamented,  tumid,  depressed,  or  spheroidal, 
moderately  broad  or  narrow,  with  vertical 
rows  of  small  primary  tubercles,  and  com- 
pound plates  near  the  ambitus  and  actin- 
ally.  Interambulacra  broad,  with  numer- 
ous low  plates ; the  rows  of  primary 
tubercles  diminishing  in  number  dor  sally. 

Peristome  large,  polygonal.  Lias  to 
Recent. 

Sub-Family  A.  Diadematinae. 

Ambulacral  plates  compound  near  the 
ambitus  ; pairs  of  pores  in  simple  vertical 
series  or  in  arcs  of  three. 

Diaclema,'^c\rYn\OQt{Pseudodiadema, 

Desor),  (Fig.  368).  Amb  narrow,  often 
projecting ; two  vertical  rows  of  small, 
primary,  crenulate,  and  perforate 
tubercles  extending  from  peristome 
to  apex.  lAmb  with  two  or  more 
vertical  rows  of  primary  tubercles 
resembling  those  of  the  Amb,  but 
larger.  Secondary  tubercles  and  granules 


Ambulacra  straight. 


Pig.  36S. 

Diadema  (Psmdodiadcma)  neglccimn,  Tlumn.  From 
the  Bernese  Jura.  A,  B,  Profile  and  ventral  aspect  of 
test,  l/j.  C,  Ambulacrum,  enlarged.  D,  Spine,  i/i. 


surrounding 


the  scrobicules. 


Spines  long,  hollow,  longitudinally  striated.  Lias  to  Recent. 


Duncan  lias  shown  that  the  separation  of  the  fossil  species  from  the  recent  under  Desor’s 
term  of  Pseudodiadema  is  a purely  artificial  distinction.  The  following  sub-genera  are 
recognised: — Oentrostephanus,  Peters  ; Kecent.  Microdiadema,  Cotteau  ; Lias.  Diademopsis, 


ABC 


Fig.  369. 

Codiopsis  donio.,  Desm.  sp.  Cenomanian  (Tourtia) ; Tournay,  Belgium.  A,  Side-view  of  test,  i/i.  11,  Ventral 
aspect  of  same.  C,  Apical  system,  enlarged. 


Desor;  Lias.  JEckinodiadema,  Cottea,\i ; Upper  Jura.  Hemip>edina,  Wright;  Jura,  Cretaceous, 
and  Recent.  The  latter  rlift'ers  from  Diadema  in  having  simple  Amb  plates  near  tlie  apex, 
and  perforate,  but  not  crenulate  tubercles. 


Heterodiadema,  Cott.  Like  Diadema,  but  with  the  apical  system  greatly 
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extended  into  the  depressed  posterior  lAmh.  Pairs  of  basal  plates  separated 
by  the  antero-lateral  radials,  the  fifth  basal  absent.  Cretaceous.  H.  lihycum, 
Cotteau. 

Codiopsis,  Ag.  (Fig.  369).  Primary  tubercles  of  both  areas  small,  smooth, 
nearly  equal  in  size,  and  only  occurring  actinally  and  for  a short  distance 
toward  the  ambitus.  Pairs  of  pores  uniserial.  Cretaceous. 

Cottaldia,  Desor.  Cretaceous  and  (?)  Recent.  Pleurodiadema,  de  Loriol. 
Jura.  Magmsia,  Michelin.  Jura  and  Cretaceous. 

Sub-Family  B.  Diplopodiinae. 

Ambulacral  plates  compound  ; pairs  of  pcrres  Userial. 

Diplopodia,  M‘Coy.  Amb  narrow,  with  two  vertical  rows  of  j^erforate  and 
crenulate  primary  tubercles.  Pairs  of  pores  in  double  vertical  series  near  the 
poles,  uniserial  at  the  ambitus.  Jura  and  Cretaceous. 

Pedinopsis,  Cotteau.  Cretaceous.  Phymechinus,  Desor.  Jura. 

Sub-Family  C.  Pedininae. 

Ambulacral  plates  compound  ; pairs  of  pores  triserial. 

Pedina,  Ag.  Amb  narrow,  poriferous  zones  wide.  Both  areas  with  two 
vertical  rows  of  small,  perforate,  primary  tubercles.  Upper  Jura. 

Pseudopedina,  Cott.  Like  the  preceding,  but  with  larger  primary 


Fig.  370. 

Sloimcliinvs  Uner'tus,  GoMXi.  a\i.  Coral  Rag  ; Soiitheiin,  Wurtemberg.  A,  Side-view  of  test,  Vi.  R,  Portion 
of  actinal  surface. 


tubercles,  which  are  present  in  the  Amb  near  the  ambitus  only.  Upper 
J lira. 

Micropedina,  Cott.  Amb  with  several,  and  lArnb  with  numerous  vertical 
rows  of  very  small  primary  tubercles.  Cretaceous. 

Stomechinus,  Desor  (Fig.  370).  Distinguished  from  Pedina  by  its  wider 
Amb,  and  imperforate,  non  - crenulate,  primary  tubercules.  Secondary 
tubercles  and  granules  often  present.  Jura  and  Cretaceous. 

Codechinus,  Desor.  Tubercles  very  small,  plain,  irregularly  distributed. 
Cretaceous. 

Polycyphus,  Ag.  Jura.  Astropyga,  Gray.  Recent. 
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Sub-Family  D.  Orthopsinae. 

Ambulacra  with  simple  primanj  plates  ; pairs  of  pores  in  simple  series. 

Orthopsis,  Cott.  Amb  much  narrower  than  the  lAmb,  straight,  and  with 
numerous  pairs  of  pores  in  straight  series.  Amb  with  two,  lAmb  with  several 
vertical  rows  of  small,  plain,  perforate  tubercles.  Jura  and  Cretaceous. 

Eodiadema,  Duncan.  Lias ; England.  Echinopsis,  Ag.  Eocene ; Europe 
and  Egypt. 

Family  4.  Cyphosomatidae. 

Test  highly  ornamented,  moderate  in  size.  Amhdacra  with  high  compound  plates, 
each  with  three  to  seven  pairs  of  pores  in  an  arc  ; the  pairs  sometimes  biserial  near 
the  apical  system,  and  crowded  near  the  peri- 
stome. The  adoral  ami  supra -adoral  com- 
ponents of  the  plates  are  primaries,  ami  the 
others  demi-plates.  Ambulacra  with  two 
vertical  rows  of  primary  tubercles  ; interam- 
bulacra with  a variable  number.  Jura  to 
Eecent. 

Cyphosoma,  Ag.  (Fig.  371).  Test  de- 
pressed, with  few  coronal  plates.  Amb 
with  well-developed  poriferous  zones, 
undulating.  Pairs  of  pores  biserial  at 
the  apex,  crowded  at  the  peristome. 

I Amb  broader  than  the  A^nb,  with  two  or 
more  vertical  rows  of  primary  tubercles, 
which  are  imperforate  and  crenulate, 
like  those  of  the  Amb.  Apical  system 
encroaching  upon  the  posterior  lAmb. 

Jura  to  Eecent. 

Micropsis,  Cott.  Amb  with  three  to  five  pairs  of  pores  to  a compound 
plate,  and  two  or  more  vertical  rows  of  small  primary 
tubercles,  which  are  perforate  and  crenulate.  Cretaceous 
and  Eocene. 

Family  5,  Arbaciidae.  Gray 

Test  depressed  dor  sally,  flat  actinally.  Amhdacra  narrow, 
straight,  expanding  near  the  peristome,  with  compouml  plates 
near  the  ambitus.  Pairs  of  pores  simple  or  in  large  arcs, 
sometimes  crowded  actinally.  Interambidacra  with  few  or 
several  vertical  rows  of  imperforate,  non-crenulate,  primary 
tubercles  with  expanded  bosses.  Tertiary  and  Eecent. 

Arbacia,  Gray.  Tertiary  and  Eecent.  Echinocidaris, 
Fic..  372.  Duncan  and  Sladen  (non  Desmoulins).  Eecent. 

coeiopieurus  equis,  Ag.  Coclopleurus,  Ag.  (Fig.  372).  Amb  with  two  vertical 
Eocene , Biarritz,  France.  Vi.  plain,  primary  tubercles  placed  on  flat  scrobicules, 

diminishing  in  size  toward  the  apex,  and  sometimes  replaced  there  by  granules. 
lAmb  with  a large  bare  median  area  abactinally  3 the  tubercles  largest  at  the 


Fig.  371. 

Cyphosoma  Koenigi,  Mantell.  White  Chalk  ; 
Sussex.  Ventral  aspect,  i/x. 
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ambitus,  sometimes  disappearing  toward  the  apical  system.  Tertiary  and 
Recent. 

rodocidaris,  A.  Ag.  Recent ; Caribbean  Sea  and  Philijipines. 

Family  6.  Temnopleuridae. 

Test  highly  ornamented,  tumid,  or  spheroidal.  Ambulacra  with  triple  compound 
plates,  united  with  the  interarnhulacral  plates  by  grooved  and  sometimes  pitted  sutures. 
All  jdates  of  the  test,  except  the  corngyonent  ambulacral  pdates,  united  by  a dowelling  of 
knobs  and  sockets.  Cretaceous  to  Recent. 

Glyphocyplms,  Haime.  Test  small,  depressed  spheroidal.  Ami  narrow, 
straight,  with  two  vertical  rows  of  small,  perforate,  crenulate,  primary 
tubercles,  and  numerous  miliaries.  lAmb  broad,  with  two  rows  of  primaries 
somewhat  larger  than  those  of  the  Ami.  Transverse  and  median  sutures 
grooved.  Cretaceous  and  Eocene. 

iJictyopleurus,  Duncan  and  Sladen.  Eocene ; Asia  and  Europe.  Egypt. 
Faradoxechitius,  Laube.  Miocene  ; Australia.  Echinocyphus,  Cott.,  and  Zeuglo- 
pleurus,  Gregory.  Cretaceous  ; Europe. 

Temnojyleurus,  Ag.  Transverse  sutures  of  all  plates  grooved  and  pitted. 
Apical  system  small,  compact,  slightly  projecting.  Tertiary  and  Recent. 

Temnechiiius,  Forbes.  Test  small,  subglobose,  dejn'essed  abactinally.  Both 
areas  with  two  vertical  rows  of  plain  jn'imaries.  Apical  system  prominent, 
compact,  the  sutures  between  the  plates  more  or  less  grooved.  Late  Tertiary 
and  Recent. 

Salmacis,  Ag.  Eocene,  Pliocene,  and  Recent.  Microcyphus,  Amblypneustes, 
and  llolcqmeustes,  Ag.  Recent. 

Family  7.  Echinometridae.  Gray  (emend.  A.  Agassiz). 

Test  large,  either  symmetrical  and  p>oly porous,  or  witlh  the  long  axis  not  coinciding 
ycith  the  antero-posterior  axis,  and  the  compound  arnbulacrcd  gylates  with  three  or  more 
pairs  of  ptores.  Teeth  keeled.  Tertiary  and  Recent. 

Heterocentrotus,  Colobocentrotus,  Brandt;  and  Echinometra,  Rondelet.  Recent. 

Stomopneustes,  Ag.  (lleliocidaris,  Desm.),  (Fig.  373).  Antero-posterior  axis 

forming  an  angle  with 
the  major  diameter.  Amh 
straight,  with  pores  in 
arcs  of  three  pairs  dor- 
sally,  crowded  and  tri- 
serial below  the  ambitus. 
Both  areas  with  two 
Fio.  374.  vertical  rows  of  plain 

stronrn/hccnti-oius  Tirochacii-  tubei'cles,  diminishing 
i)uiiiid  .4»i?<  plate.  Amt  plate.  actiiially  and  dorsally. 

Tertiary  and  Recent. 

Strongylocentrotus,  Brandt  (Fig.  374).  Test  symmetrical  and  polyporous. 
A mb  straight,  broad  at  the  ambitus  and  peristome,  and  with  broad  poriferous 
zones.  Pairs  of  pores  in  oblique  arcs,  or  almost  transverse  series  of  from  four 
to  ten  pairs,  and  crowded  actinally.  Inteiqioriferous  areas  with  two  vertical 
I'ows  of  plain,  imperforate  indmary  tubercles  ; secondaries  and  miliaries  also 
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present.  lAmb  with  two  rows  of  primary,  and  four  or  more  of  secondary 
tubercles.  Late  Tertiary  and  Eecent. 

Sphaerechinus,  Desor.  Amb  straight,  wide.  Pairs  of  pores  in  arcs  or 
oblique  lines  of  four  to  eight  pairs,  polyserial  actinally.  Interporiferous  areas 
with  two  to  six  vertical  rows  of  plain,  imperforate  primaries,  and  horizontal 
rows  of  secondary  tubercles  and  miliaries.  I Amb  with  two  to  twelve  vertical 

rows  of  primaries.  Pliocene  and  Recent. 

Eurypneustes,  Aeolopneustes,  Duncan  and  Sladen.  Eocene  ; Asia. 

Family  8.  Echinidae.  Wright. 

Test  symmetrical ; ambulacra  and  interamhdacra  of  equal  width.  Ambulacral 
plates  compound,  with  three  p>airs  of  pores,  which  are  arranged  in  high  or  low  arcs  of 
triplets.  Coronal  plates  without  pits  and  grooves,  and  their  opposed  surfaces  ptlain. 
Teeth  keeled.  Cretaceous  to  Recent. 

Echinus,  Rond.  Amb  straight,  with  narrow  poriferous  zones ; pore  pairs 
in  more  or  less  vertical  arcs  of  triplets.  Interporiferous  areas  with  two 
vertical  rows  of  small,  plain,  primary  tubercles,  with  or  without  irregularly 
placed  secondary  tubercles  and  primaries.  lAmb  with  two  vertical  rows  of 
primaries,  and  few  or  numerous  rows  of  secondary  tubercles  and  miliaries. 
Peristome  small,  circular  ; the  buccal  membrane  with  ten  buccal  plates  bearing- 
tentacles  and  small  spines.  Cretaceous  to  Recent. 

Subgeiius  PsammecMnus,  Ag.  Like  Echinus,  but  tlie  buccal  membrane  -with  numerous 
concentric  plates,  besides  the  ten  buccal  plates.  Cretaceous  to  Recent. 

Stirechinus,  Desor.  Both  areas  with  two  rows  of  large,  plain,  primary 
tubercles  situated  on  raised  keel-like  projections.  Pliocene;  Europe. 

Glyptechinus,  de  Loriol.  Cretaceous.  Tripneustes,  Ag.  Miocene  and  Eecent. 

Leiopedina,  Cott.  {Chrysornelon,  Laube).  Test  large,  melon-shaped.  Amb 
long,  straight,  very  broad.  Poriferous  zones  broad,  pairs  of  pores  triserial, 
and  almost  horizontal.  Plates  very  numerous,  low,  broad,  compound. 
Tubercles  small,  plain,  finely  perforate,  in  two  distant  vertical  rows.  lArnh 
broad,  with  two  rows  of  tubercles  similar  to  the  ambulacral,  and  with  inter- 
mediate granules.  Eocene. 

Hypechinus,  Desor.  Tertiary.  Toxopneustes,  A.  Ag.  {non  Ag.)  Recent. 
Boletia,  Desor.  Recent. 

Order  3.  HOLECTYPOIDA.  Duncan. 

“ Euechinoidea  with  an  actinal,  centred  peristome,  and  the  periproct  situated  be- 
yond the  dorso-central  system  in  the  posterior  interambulacr  um;  with  externed  branchiae; 
with  a pair  of  pores  or  only  one  pore  to  an  amhdacral  plate;  with  feeble  jaws  and 
vertical  teeth,  or  witho%it  these  structures;  with  a variably  constructed  perignathic 
girdle.  Spheridia  present.” — Duncan. 

Section  I. — Perignathic  jxrocesses  of  the  ambulacra  qmsent. 

Holectypus,  Desor  (Fig.  375).  Amb  narrow,  straight,  widest  at  the  am- 
bitus; some  of  the  plates  compound.  lAmb  with  rather  large  plates,  and 

many  rows  of  tubercles.  Peristome  large,  decagonal,  with  well  - marked 
branchial  incisions,  jaws,  and  feeble  perignathic  girdle.  Periproct  large. 
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pyriform,  situated  between  the  peristome  and  posterior  edge  of  the  test. 
Apical  system  small,  central.  Jura  and  Cretaceous. 

Pileus,  Desor.  Test  large,  sub  - hemispherical  dorsally,  flat  actinally. 
A BCD 


marginal. 


small, 


Tubercles  small,  irregularly  arranged.  Periproct  supra  • 
broadly  ovoid.  Upper  Jura. 

Pijgaster,  Ag.  (Pig.  376).  Test  large,  depressed  dorsally,  concave  actinally. 

Amh  straight,  similar,  flush  or  slightly  raised, 
widest  at  the  ambitus.  Poriferous  zones 
straight,  simple,  narrow ; tubercles  of  interpor- 
iferous  areas  in  two  or  four  vertical  rows  ; those 
of  the  I Amh  in  horizontal  rows.  Peristome 
large,  decagonal,  with  jaws  and  feeble  perignathic 
girdle.  Periproct  immediately  beyond  the  apical 
system.  Jura  and  Cretaceous. 

Section  II. — Perignathic  girdle  with  well- 
developed  interambulacrul  ridges;  amhulacral  pro- 
cesses rudimentary  or  absent. 

Itisroidea,  Klein  (Fig.  377).  Test  hemi- 
spherical above  the  margin,  flat  actinally.  Amh 
narrow,  with  some  compound  plates  near  the 
ambitus  and  actinally  ; pairs  of  pores  very 
numerous,  small.  lAmb  with  distinct  median 
sutures,  and  small,  perforate,  and  crenulate 
tubercles.  Plates  within  the  actinal  surface 
individual,  with  radiating  ribs,  ten  in  all,  extending  as  far 
as  the  peristome ; appearing  on  casts  as  deep 
Periproct  small,  infra-marginal.  Cretaceous. 


Fig.  376. 

Pyflaster  umhreUu,  Ag. 
Chatillon-sur-Seine.  Youn 
i/i  (after  Cotteau). 


depressions. 


Oxfordian  ; 


Discoidea  cylindrica,  Ag.  Upper  Cretaceous;  Liineburg.  A,  Side-view.  B,  Test  broken  open  to  show  the 
inner  partitions,  i/j. 

Conodypeus,  Ag.  (Fig.  378).  Test  large,  thick;  conical  or  vaulted  dorsally, 


Fio.  375. 


A,  B.  HoUctypus  orifientua,  Schlot.  Upper  Jura  ; Streitberg,  Franconia.  C,  D,  If.  depressus,  Leske  sp. 
Jliddle  Jura  ; France.  Apical  system  and  ventral  surface  (after  Cotteau). 
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rather  flat  actinally.  Amh  long,  open,  with  broad  poriferous  zones  nearly  to 
ambitus,  narrowing  thence  to  peristome.  Pores  wide  apart  and  in  pairs  where 


Fig.  378. 

Conoclypeus  conoideus,  Goldf.  sp.  Eocene  ; Kressenberg,  Bavaria  (2/3  natural  size). 

the  zones  are  broad ; the  pairs  separated  by  costae.  Pores  continued  in  single 
series  over  the  ambitus  as  far  as  the  central,  pentagonal  peristome.  Periproct 
infra-marginal,  oval  (?).  Cretaceous  ; Eocene. 

Galeropjgus,  Cotteau  ; Pachydypeus,  Desor.  Upper  Jura  ; Europe. 


Order  4.  CLYPEASTROIDA.  Duncan. 

i “ Puechinoidea  with  an  adinal  peristome,  a pt^riprod  situated  beyond  the  dorso- 
central  system,  in  the  posterior  inter  ambulacrum ; with  external  branchiae;  with 
Itentaeular  pores  in  the  interambulacra,  and  more  than  a pair  to  an  ambulacral 
flute;  tentacles  heteropodous  in  arrangement;  with  more  or  less  horizontal  and 
rarely  vertical  teeth,  and  with  jaws  situated  superiorly  to  the  disconnected  perignathic 
girdle.  Spheridia  few,  covered.” — Duncan. 

Family  1.  Fibulariidae.  Gray  (emend.  Duncan). 

Test  small,  with  rudimentary,  widely  open,  few-pored  petals.  Interambulacra 
small,  with  a single  apical  and  a single  peristomial  plate.  Ambulacra  limited 
uctinally  on  the  interior  of  the  test  by  low  vertical  partitions  at  their  sides,  radiating 
'award  the  peristome.  Perignathic  processes  broad,  low,  one  on  each  interambu- 
lacrum. Periproct  usually  actinal.  Cretaceous  to  Recent. 

Echinocyamus,  van  Phels.  Test  thick,  depressed,  pyriform  or  sub-circular 
in  outline,  concave  actinally.  Amb  broader  than  the  lAmb,  short  where 
dightly  petaloid,  widely  open  distally ; pairs  of  pores  few  and  increasingly 
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far  apart.  Peristome 


central,  pentagonal,  -with  small  jaws.  Periproct  be- 
tween the  peristome  and  posterior  edge  of  the  test. 
Cretaceous  to  Recent. 

Sub-genus. — Seutdlina,  Ag.  Periproct  small,  marginal,  or 
more  or  less  suiira-  or  infra-marginal.  Tertiary. 


Fig.  379. 

Ecli  i nocya  mus  pi  ace  n t « s, 
Goldf.  sp.  {E.  Siculus,  Ag.) 
Pliocene ; .Sicily.  Vi. 


Fio.  3S0. 

Fihidaria  snbglohosri,  Goldf. 
sp.  Upper  Cretaceous  ; Mae- 
striclit.  3/]. 


Sismomlia,  Desor.  Test  suh-pentagonal  or  ovoid, 
depressed,  inflated  at  the  m;irgin.  Petaloid  parts  of 
the  Amh  usually  long,  more  or  less  open ; pairs  of 
pores  not  continued  actinally.  Tubercles  minute. 
Eocene  and  Miocene. 

Fihularia,  Lam.  (Fig.  380).  Test  thin,  ovoid,  tumid 
dorsally  and  at  the  side.  Amb  short ; pairs  of  pores 
very  few,  continued  wide  ajiart  to  the  margin,  non- 
con  jugated.  Peristome  and  periproct  small,  sunken, 
close  together.  Uiiper  Cretaceous  and  Recent. 

Ihma,  Ag.  Tertiary  ; Europe. 


Family  2.  Clypeastridae.  Agassiz. 


Test  small  to  verij  large,  depressed,  flat,  or  high.  Petaloid  parts  of  the  amhulacra 
highly  developed,  usually  unerpial ; the  actinal  furrows  straight.  Iiiterumhulacra 
actinally  discontinuous;  one  peristomial  and  two  apical  pjlates  in  each.  Peri- 
gnathic  processes  tall,  narrow,  two  on  each  a/nhu- 
lacrum,  fitting  in  helow  the  large  jaws.  Peristome 
central,  jxntagonal ; periproct  small,  marginal 
or  inf  ra  - marginal.  Internal  structure  with, 

needles,  pillars,  and  other  processes  e.rt ending 
f rom  floor  to  roof,  especially  near  the  edge  of  the 
test;  sometimes  these  are 
fused  to  form  concentric 
•partitions,  and  the  amhu- 
lacra may  also  be  p>rotected 
by  an  inner  wall.  Tertiary 
and  Recent. 

Clypeaster,  Lam.  (Figs. 

381,382).  Actinal  surface 
Hat,  with  the  peristome 
suddenly  deeply  sunken  ; 
edge  thin,  undulating  in 

. . P Clypco.skr  Af(fiipticxis,  y[\c\\.  Pliocene;  Gizeh,  near  Cairo.  Fragment 

contour,  ‘Wltil  or  without  showing  internal  calcareous  deposits.  Auricles. 

re-entering  angles.  Petals 

long,  broad,  tumid;  pores  wide  apart,  unequal,  conjugated.  Periproct  near 
or  at  the  edge.  Internal  structure  not  forming  a double  wall  covering  the 
Amb.  Tertiary  and  Recent. 


This  genus  includes  some  of  the  largest  .Sea-urchins  known.  Recent  species  are  littoral, 
or  shallow  water  inhabitants. 

Diplothecanthus,  Duncan  (Echinaidhus,  Breyn.  p.p.)  Margin  and  actinal 
surface  tumid,  but  hollow  from  the  margin  to  a deep  central  i^eristome.  In- 
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i tenial  structure  investing  the  Amh  with  a double  wall,  but  not  forming  con- 
centric partitions  near  the  edge.  Tertiary  and  Recent. 


Fig.  3S2. 

Clypeaster  grandiflorus,  Broun.  Miocene  ; Boutonnet,  near  Montpellier.  1/2  natural  size  (after  Desor). 

Plesianthus,  Duncan  ; Anomalanthus,  Bell.  Recent. 

Laganum,  Klein.  Belongs  properly  to  a separate  family  or  sub-family. 
Tertiary  and  Recent. 


Family  3.  Scutellidae.  Agassiz. 

Test  very  fiat,  with  entire  or  incised  margin ; limules  or  slits  in  the  areas  or 
not.  Ambulacral  furrows  bifurcating  and  branching.  Peristome  flush  ; jaws  fled, 
teeth  superior.  Piadiating  partitions  between  the  floors  internally.  Tertiary  and 
Recent. 

Scutella,  Lam.  (Fig.  383).  Test  circular  or  sub-circular  in  outline,  some- 
|times  undulating  or  notched,  broadest  behind.  Petaloid  parts  of  the  Amb 
unequal,  well-developed,  nearly  closed.  Peristome  small,  central,  sub-circular. 
Periproct  very  small,  infra-marginal.  Apical  system  central,  more  or  less 
pentagonal.  Tertiary. 

Sub-genus. — Echinarachnius,  Leske  {Dendraster,  Ag. ) Apical  system  eccentric  in  front 
■ir  behind.  Periproct  actinal,  marginal  or  supra-margiiial.  Recent. 

Echinodiscus,  Breyn.  (Amphiope,  Lobophora,  Ag.)  Like  Scutella,  but  trim- 
lated  posteriorly,  and  with  two  round  or  elongate  lunules  or  slits  there, 
me  in  each  of  the  median  lines  of  the  postero-lateral  Arnh.  Tertiary  and 
Recent. 

Encope,  Ag.  Test  with  a broad  notch  or  a lunule  in  the  median  line  of 
each  Amb,  and  a lunule  in  the  posterior  lAmb.  Miocene  and  Recent. 

Mellita,  Klein.  Test  very  flat,  with  five  or  six  usually  closed  lunules. 
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more  rarely  cuts  ; one  in  the  median  line  of  the  posterior  lAmb,  the  others 


Fig.  3S3. 


Scutella  suhrotundata,  Lam.  Miocene  ; Bordeaux.  A,  B,  Ventral  and  dorsal  aspects.  C,  Section,  Vr. 


in  the  Amb.  Amb  petaloid  dorsally,  the  posterior  pair  the  longest.  Pliocene 
and  Recent. 

Lenita,  Desor.  Eocene,  liotula,  Klein.  Recent.  Arachnoides,  Breyn. 
{Asterodaspis,  Conrad).  Pliocene  and  Recent. 


Order  5.  SPATANGOIDA.  Duncan. 

“ IJ aechinoidea  with  an  actinal  or  a f rontal  peristome,  ami  a periproct  situated 
beyond  the  dorso-centrul  system,  in  the  posterior  interambidacrum  ; without  external 
branchiae  ; jaws,  teeth,  and  perignathic  girdle.  Spheridia  numerous.'” — Duncan. 

Suh-Order  A.  CASSIDULOIDEA.  Duncan. 

Arnbulacra  abactinally  simple,  pietuloid  or  sub-petaloid,  usually  similar.  Some 
or  all  of  the  interarnhulacra  with  a single peristornial  plate  ; the  posiero-lateral  areas 
symmetrical  actinally,  without  any  fusion  of  plates ; no  plastrons.  Peristome 
variously  shaped,  with  or  with, out  jioscelles. 

Family  1.  Echinoneidae.  Wright. 

Test  tall,  or  low  and  tumid  dorsally  ; tumid  and  rarely  flat  actinally.  Apical 
system  central,  compact,  with  four  perforated  basals.  Ambulacra  similar,  dorsally 
apetalous  or  sub-petaloid.  Pores  in  simple  pairs  or  in  obligue  triplets  actinally  ; no 
jioscelle.  Peristome  oblique  or  transversely  elHpdical,  rarely  symmetrical.  Periproct 
actinal,  margined  or  supra-rnarginal.  Cretaceous  to  Recent. 
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Sub-Family  A.  Echinoconinae.  Duncan. 

Tall,  conical,  or  sub-hemispherical  tests,  rather  flat  actinally.  Ambulacra  with 
pairs  of  pores  in  oblique  triplets  actinally. 

Echinoconus,  Breyn.  {Galerites,  Lam.)  Amb  flush  or  slightly  raised,  apetal- 
ous,  straight ; some  of  the  plates  compound.  Peristome  sunken,  slightly 
decagonal,  symmetrical.  Perignathic  girdle  indicated  by  a thickening  of  the 
lAmb  as  a low  false  ridge.  Abundant  in  the  Lower  and  Middle  Cretaceous. 

Lanieria,  Duncan.  Cretaceous  or  Eocene  ; Cuba. 


Sub-Family  B.  Echinoneinae.  Desor. 

Test  low,  tumid,  and  more  or  less  pulvinate  actinally  ; peristome  central  or  sub- 
central and  oblique. 

Echinoneus,  van  Phels.  Amb  narrow,  actinally  unequally  broad,  owing  to 
obliquity  of  the  large,  triangular  peristome.  Miocene  to  Recent. 

Caratomus,  Ag.  Cretaceous.  Amblypygus,  Ag.  Tertiary. 

Pygaulus,  Ag.  (Fig.  384).  Test  small,  thick ; apical  system  slightly 


Fig.  3S4. 

Pygaulus  Desmoulinsi,  Ag.  TJrgonian 
(Schrattenkalk) ; Santis,  Switzerland,  i/j. 


Pyrina  incisa,  Ag.  sp.  Neoconiian  (Hils) ; Berklingen, 
Brunswick,  l/j. 


Fig  385. 


eccentric  in  front.  Amb  narrow,  widest  at  the  ambitus  ; pairs  of  pores  in  simple 
series,  conjugated ; the  pores  of  a pair  sometimes  differently  shaped.  Cre- 
taceous. 

Pyrina,  Desm.  (Fig.  385).  Like  the  preceding,  but  pores  non-conjugated, 
and  the  pairs  separated  by  costae.  Cretaceous  and  Eocene. 

Anorthopygus,  Cotteau.  Cretaceous  (Cenomanian) ; Europe. 


Sub-Family  C.  Echinobrissinae.  Duncan. 

Test  depressed,  elongate,  tumid.  Ambulacra  sub-petaloid.  Apical  system  and 
peristome  eccentric;  floscelle  absent  or  rudimentary.  Interamlmlacra  entering  the 
peristomial  margin  with  a single  plate.  Periprod  supra-marginal. 

Echinobrissus,  Breyn.  {Nucleolites,  Lam.),  (Fig.  386).  Test  ovate,  rounded  in 
front,  broadest  and  more  or  less  truncated  behind ; or  rectangular,  with  the 
angles  rounded  ; or  sub-circular  ; concave  actinally.  Amb  unequal,  open  at  the 
end  of  the  sub-petaloid  parts  ; pairs  of  pores  in  simple  series,  more  or  less 
unequal  in  shape  and  size,  the  outer  ones  elongate ; below  the  sub-petaloid 
parts  the  pores  are  in  small  oblique  pairs,  conjugate  or  not.  Periproct  at 
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ujiper  end  of  a groove  situated  on  the  abactinal  area  of  the  test.  Abundant  in 
Ujiper  Jura  and  Cretaceous  ; present  also  in  Eocene  and  late  Tertiary. 


.1 


Rig.  3S6. 


A,  Jl,  Eelihirihrissus  diinicuUirif:,  I.lhwyil  sj).  Coriibrasli ; Efig,  Aargau.  l/i.  C,  I),  E.  scutotus,  Lam.  sp. 
U|)pi‘i'  Oxfonlian  ; Trouville,  Calvailo.s.  C,  Ventral  aspect  of  large  imliviilual.  1),  Apical  system,  enlargeii 
(after  Cutteaii). 


Stil)-geiius  Aot7t//io6'fo//(rt,  Diiiicaii  {Trcmatopu(jn>i,  d’Orb.)  Like  tlic  preceding,  but  with 
obliijue  peri.stomc.  Cretaceous. 


l)of riopiigits,  d’Orb.  Cretaceous.  Ilariona,  Dames.  Eocene. 


Eaitiily  2.  Cassidulidae.  Agassiz. 


Test  variahte  in  shape.  Amhulacra  petaloid,  suh-pctaloid,  or  upefalous  dorsalhj, 
and  icith  crowded  doaUing  of  the  pairs  of  pores  close  to  the  peristomial  margin, 
forming  tciih,  the  single,  swollen,  and  ornamented  interamhdacrul  peristomial  pilates 
a foscelle.  Jura  to  Kecent. 


V tv. 


Cassidndns,  Lain.  (Eig.  .387).  Test  small,  oblong,  depressed,  convex 
dorsally,  Hat  actinally.  ^Imh  short,  suli-jietaloid,  not  closing;  pores  continued 

from  the  middle  jiart  to  the  well- 
develo]ted  Hoscelle.  Peristome 
eccentric  in  fi'ont ; periproct  supra- 
marginal, longitudinally  elongated. 
Cretaceous  and  hlocene. 

Sub  - genu.s  Uhynchopypus,  d’Orb. 
l’eri|iroet  transversely  elongate,  with  over- 
hanging rostrum.  Cretaceous  to  Kecent. 

Sub -genus  inpjofhyndms,  Ag.  Test 
concave  actinally,  with  long  petals.  I’eri- 
stonie  and  perijiroct  longest  transversely. 
Cretaceous  to  Miocene. 


Fro.  3S7. 

Cft.'isirhilfis  hijtiH’Cfincri,  Lam. 

J‘>,  Kloscelle,  enlarged. 


A,  Test  in  tlirce  positions. 


Echinantluis,  Preyn.  Test  thin, 
ovoid,  loiv,  convex  dorsally,  and  concave  actinally.  ylmh  unequal,  petaloid, 
usually  short.  Peristome  eccentric  in  front,  with  well-developed  pentagonal 
Hoscelle.  Periproct  oval,  marginal  or  supra-marginal,  at  the  top  of  a longi- 
tudinal groove.  Upper  Cretaceous  and  Eocene. 

Stigmutopi/gns,  d’Orb.  Cretaceous.  Eurhodia,  d’Arch.  and  Haime.  Eocene. 
Paralampas  and  Xeoccdopygus,  Duncan  and  Sladen.  Eocene.  Catopygus,  Ag. 
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Cretaceous.  Studeria,  Duncan.  Tertiary  and  Decent.  Phyllohrissus,  Cotteau. 
Jura  and  Cretaceous. 

Clypeus,  Klein.  Test  large,  low,  nearly  flat  actinally.  Amh  wide,  jietaloid, 
not  closing  dorsally,  narrow  at  the  ambitus  and  actinally.  Pairs  of  pores  in 


B 


c 


Pygurus  Royerianus,  Cott.  Kimmeridgian  ; Tonniesberg,  near  Hanover.  A,  B,  Dorsal  and  ventral  views  of 
I test,  natural  size.  C,  Apical  system,  enlarged.  1),  Ambulacral  plate,  magnified. 

the  petaloid  parts  with  the  inner  pore  small  and  circular,  the  outer  transversely 
elongate,  and  in  a long  groove.  Periproct  high  up,  usually  in  a groove  along 
the  median  line  of  the  posterior  lAmh.  Upper  Jura. 

Pygurus,  Ag.  (Fig.  388).  Test,  large,  angular,  rounded,  or  cordiform  in 
marginal  contour;  depressed  or  rather  tall  and  sub-conical  dorsally.  Amh 


lOo.  3S9. 

Echiiiolamjxts  Kleini,  Goldt.  Oligocene;  Duberg,  near  BUnde.  i/j. 

flush  dorsally,  unequal,  long ; the  petaloid  parts  contracting  but  not  closing 
marginally,  and  expanding  again  actinally,  where  the  Arnb  are  grooved.  Peri- 
proct infra-marginal,  pyriform  or  ovoid,  in  a special  area  or  rostrum  close  to 
the  posterior  edge  of  the  test.  Upper  Jura  and  Cretaceous. 

Echinolampas,  Gray  (Fig.  389).  Test  variable  in  size  and  shape,  more  or 
less  ovoid  or  circular  at  the  tumid  marginal  outline  ; tall  and  conical  or 
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depressed  dorsally.  Amb  petaloid  for  a variable  distance ; pores  of  the  petals 
differing  in  shape,  conjugated,  and  continued  beyond  in  simple  series.  Peri- 
stome slightly  in  front,  or  sometimes  central.  Periproct  transversely  elliptical, 
infra-marginal.  AVidespread  in  Tertiary  and  Recent. 

Conolampas,  Neolampas,  A.  Ag.  Recent.  I'lesiolampas,  Duncan  and  Sladen. 
Eocene.  FaJaeoIampas,  Bell.  Ujiper  Cretaceous  and  Tertiary. 


Family  3.  Collyritidae.  d’Orbigny.  (Dipasterinac,  Gray.) 
ylpical  system  disconnected,  cither  elongate  or  suh-compact.  Amlndacra  similar ; 


A 


I'ic.  3110. 


Colbirlks  cJUjfticff,  Di-sin.  Callovian;  Mamci's,  SarUio. 
A,  Ji,  Test  ill  jirotile  ami  from  above,  b'l.  C,  Dorso* 
central  system,  enlarged. 


hivium  widely  separated  from  the  trivium; 
floscelle  absent.  Jura  to  Recent. 

Collyrites,  Desm.  (Fig.  390).  Test 
ovoid,  tumid,  more  or  less  truncated 
posteriorly.  Amb  disjunct,  the  an- 
terior one  sometimes  in  a slight 
groove.  AVidth  of  the  ylmh  increas- 
ing toward  the  ambitus  ; pairs  of  pores 
in  low  primary  jilates.  Periproct 
posterior,  supra-marginal,  placed  in 
a groove.  Apical  system  elongate, 
separated  by  numerous  small  plates 
belonging  to  the  postero-lateral  I Amb. 
A'ery  abundant  in  the  Middle  and 
Ujipcr  Jura  and  Cretaceous. 

l)ysaster,  Ag.  Differs  from  Colly- 
rites  in  details  of  the  apical  system, 
tlie  basals  not  being  separated  by  the 
antero-lateral  radial  2Jl‘ffes.  Uiiper 
Jura  and  Lower  Cretaceous. 

llyhoclypens,  Agassiz.  Jura.  In 
fraclypeus,  Gauthier.  Upper  Cre- 
taceous. Grasia,  Mich.  Jura. 


Metaporhimis,  Alich.  Test  very  tall,  slightly  longer  than  broad,  sub-cordi- 


c 


Ilyhnchjfcusgihhervhns,  Ag.  Middle  Jura  ; Soleure,  Switzerland.  A,  11,  Dorsal  and  ventral  views.  C,  Profile, 
I),  Apical  system,  enlarged. 

form,  projecting  uiiwards  anteriorly,  grooved  and  oblique  behind.  Anterior 


ORDER  V 


EUECHINOIDEA— SPATANGOIDEA 


243 


Amh  in  a groove,  with  small,  simple,  distant  pairs  of  pores  ; the  other  Amb 
flexuous,  with  comma-shaped  pores  placed  obliquely  to  one  another.  Periproct 
supra-marginal.  Upper  Jura  and  Lower  Cretaceous. 


Sub-Order  B.  SPATANGOIDEA.  Duncan. 

Peristome  eccentric  in  front,  rarely  pentagonal  in  the  adult,  usually  with  a 
posterior  labrum,  behind  which  is  a long  plastron  bounded  lateraMy  by  the  posterior 
ambulacra.  Ambulacra  dissimilar.  Interambulacra  with  a single  plate  at  the 
peristomial  margin;  the  poster o -lateral  areas  usually  unsymmetrical  actinally. 
Fascioles  present  or  absent. 


Family  1.  Ananchytidae.  Desor. 


Test  ovoid  or  sub-cordiform  in  marginal  outline,  tall  or  depressed,  and  with  large 
plates.  Ambulacra  in  a bivium  and  trivium,  nearly  similar,  flush,  apetalo^is  ; pairs 
of  pores  largest  near  the  apex  and  at  the  peristome,  may  be  uniporous.  Periproct 
variable  in  position.  Cretaceous  to  Eecent. 


Echinocorys,  Breyn.  {Ananchytes,  Mercati),  (Fig.  392).  Test  large,  oval  in 
marginal  outline ; high,  rounded,  or  keeled  apically,  flat  actinally.  Amb 
biporous,  the  pairs  of  pores  well  ^ ^ 

developed  abactinally,  but  becom- 
ing smaller,  closer,  and  oblique 
toward  the  ambitus,  where  they 
are  more  distant.  Posterior  Amb 
actinally  long  and  broad,  the  pairs 
small,  and  pores  oblique.  Peri- 
stome oval,  broader  than  long. 

Periproct  infra  - marginal,  pos-  ^ 

terior,  oval.  Apical  system  elon- 
gate. Very  abundant  in  the 
Upper  Cretaceous.  E.  ovata, 

Leske  sp.,  often  attains  a very 
large  size. 

Jfoks/er,  Ag.  (Fig.  393).  Test  d 

ovoid  in  marginal  outline,  flat 
actinally,  tumid  and  high  abactin- 
ally. Anterior  Amb  in  a shallow 
groove.  Peristome  elliptical, 
broadest  transversely.  Periproct 
supra  - marginal,  oval.  Apical 
system  elongate.  Cretaeeous  and 
Miocene. 

Offaster,  Desor.  Test  small, 
tumid.  Anterior  Amb  sometimes 
in  a shallow  groove.  Peristome 
oval,  broadest  transversely.  Periproct  supra-marginal,  circular  or  ovoid. 
Apical  system  elongate.  Cretaceous.  0.  pilula,  Ag.  sp. 

Bemipneustes,  Ag.  Test  large,  ovoid  in  marginal  outline,  high  and  tumid 
dorsally,  flat  actinally.  Anterior  Amb  in  a deep,  narrow  groove  extending  to 


Fig.  392. 

Echinocorys  ovata,  Leske  sp.  White  chalk  ; Hahlem,  West- 
phalia. A,  B,  Profile  and  ventral  view,  1/3.  C,  Dorso-central 
system,  enlarged.  D,  Portion  of  Amb  and  lAmb  areas,  1/1. 
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the  elongate  apical  system,  its  pairs  of  pores  numerous  and  small,  the  roM-s 
wide  apart.  Paired  Amh  more  or  less  curved,  oiien  distally,  with  dissimilar 


Fig.  393. 

A,  n,  UoloMcr  suhijlohos-as,  Cenomanian;  Rouen,  l/i-  C,  II.  siihorbiculuris,  IMr.  Donso-eentral  .system, 
enlarged. 


pores.  Peristome  much  sunken,  crescent-shaped,  hroad.  Periproct  supra- 
marginal. Upper  Cretaceous.  II.  radiafus,  Lam.  sj). 

Cardiasier,  Forbes  {Stegaafer,  Pomel,  p.]>.)  Similar  to  lluluster,  but  anterior 
groove  deeper  and  with  angular  margin.  I’eriproct  oval,  placed  in  a depression 
in  the  truncated  posterior  face.  A more  or  less  comjilcte  marginal  fasciole 
passing  below  the  [leriproct.  Cretaceous. 

Siilj-gemi.s  Infulastcr,  Ihigw.  Tost  bigli  in  I'ront,  narrow  ; anterior  groove  deeji  and  witli 
strong  lateral  ke(ds.  Fasciole  alrsent.  Ui>[>er  Cretaceous. 

Udgenowia,  Duncan  {Cardiasfer,  Forbes,  p.p.  ; Sfegaster,  Pomel,  p.p.) 
Upjier  Cretaceous. 

Urechiaus,  C/isfechiiuis,  A.  Ag.  Late  Tertiary  and  Pecent.  Cidgmne, 
AVyv.  Thoms.  Pecent.  dJiiirhaster,  de  Loriol.  Oligocene.  All  with  uni- 
porous  Ainh. 

Sfenonia,  Desor.  Tjike  Echiiwcorgs  (yl iia nrdu/f(;.s),  except  that  the  apical 
system  is  compact,  and  the  Audi  ecpial.  The  solitary  s]>ecies,  S.  iiihercHlalo, 
Defr.  sp.,  is  abundant  in  the  Upper  Cretaceous  (Scaglia)  of  the  Southern  Alps 
and  the  Apennines. 

Family  2.  Spatangidae.  AVriglit. 

Test  ovoid  or  cordijorni,  longer  fhon,  hroad,  wifh  nmnerous  plates,  and  usvalbj 
ivitli  an  anterior  groove,  ylmhatacra  in  a hivinm  and  trivimn,  the  anterior  differing 
from  the  others  in  shape  aval  vonsfrndion.  J’uirs  of  pores  of  the  petatoid  parts 
differing  from  the  others.  Fasciotes  present  or  ahsent.  Cretaceous  to  Pecent. 

Section  A.  Aijetes.  All  fasciotes  ahsent. 

Isaster,  Desor.  Petals  not  closed.  Peristome  large,  with  a posterior 
lalu’um.  Cretaceous. 

Epiaster,  d’Orb.  {Mucruster,  Poemer.)  Anterior  Amh  in  a groove ; paired 
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Arab  petaloid  doi’sally,  with  elongate,  unequal  pores.  lAmb  tumid  dorsally. 
Peristome  transverse,  tumid  in  front,  and  usually  with  projecting  labrum. 
Periproct  longitudinal,  supra- 
marginal. Cretaceous. 

Echinospatagus,  Breyn.  {Tox- 
aster,  Ag.  p.p.)  Anterior  Amb 
in  a broad  shallow  groove,  with 
unequal  pairs  of  pores.  Paired 
Amb  sub-petaloid,  flexuous,  with 
unequal  poriferous  zones  and  un- 
equal pairs  of  pores.  Peristome 
transverse,  sub-circular,  or  penta- 
gonal. Tubercles  small,  per- 
forate, and  crenulate.  Abundant 
in  Lower  and  Middle  Cretaceous. 

Ennalaster,  d’Orb.  (Heteraster, 
d’Orb.)  Petaloid  parts  of  antero-lateral  Amb  divergent,  flexuous,  tending  to 
close,  and  with  very  unequal  poriferous  zones,  of  which  the  posterior  are  the 
largest ; pairs  of  pores  oblique.  Postero  - lateral  Amb  short,  divergent. 
Peristome  labiate,  wide,  arched  in  front.  Periproct  in  posterior  truncation. 
Cretaceous. 

Hemipatagus,  Desor  (Fig.  395).  Test  small,  cordiform.  Anterior  Amb 
with  small  pores  in  a shallow  furrow.  Paired  Amb  long,  petaloid,  nearly 


Fig.  394. 

Kchinospatagus  {Toxaster)  complanatus,  Ag. 
Auxerre,  Yonne.  i/i. 


Neoconiian  : 


Fig,  305. 

Hemipatagus  Hofmanni,  Goldf.  Oligo- 
cene ; Doberg,  near  Bunde.  Dorsal 

view.  B,  Profile.  C,  Ventral  aspect,  i/i 
(after  Goldfuss). 


flush.  The  lateral  lAmb  with  a few  large  perforate  and  crenulate  tubercles 
in  deep  scrobicules.  Periproct  supra-marginal.  Tertiary. 

Platghrissus,  Grube.  Recent.  Palaeopneustes,  A.  Ag.  Recent,  and  perhaps 
Eocene. 


Section  B.  Prymnadetes.  Siibcmal  fasciole  absent,  other  fascioles  present. 

Hemiaster,  Desor  (Fig.  396).  Anterior  Amb  in  a shallow  groove,  the 
pores  oblique,  and  in  pairs  on  either  side.  Antero-lateral  Amb  petaloid 
dorsally,  sunken,  diverging,  and  much  longer  than  the  postero-lateral.  Pores 
of  the  petaloid  parts  conjugated,  the  outer  ones  usually  the  largest.  Peri- 
petalous  fasciole  present. 

Sub-genus  Tripylus,  Phill.  (Abatus,  Troschel).  Recent. 
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Faorina,  Gl•a^^  Recent.  Perkosmus,  Ag.  Cretaceous  and  Tertiary. 


Fig.  SfliJ. 


Ilcminster  Orbignyaiuii:,  Ppsor.  Uppor  Cretaceous;  JIartiKues,  Provence  (after  frOrbi"ny),  A-C,  Ventral, 
dorsal  and  side  views  of  test,  l/;.  I>,  Pores  of  tlie  odd  Amh.  E,  Pores  of  tlie  jiaired  Amb,  enlarged. 


Fio.  3P7. 

Liiithia  /fihcrti,  Cotteau.  Eocene  ; Lonigo,  near  Vicenza.  natural  size  (after  Dames). 


groove,  the  pores  round  and  small,  in  pairs  on  either  side.  Antero-lateral 
Amh  longer  and  more  divergent  than  the  others,  with 
petals  sunk  in  grooves.  Pores  conjugated.  A peripetalous 
and  lateral  fasciole  ])resent.  Cretaceous  to  Recent. 

Srhizuster,  Ag.  (Figs.  398,  399).  Resembling  Linihia, 
but  the  apical  system  posteriorly  eccentric,  and  the 

/Imh  very  diverse.  Tertiary 
and  Recent. 

Preiiaster,  Desor ; Orni- 
fhasfer,  Coraster,  Cotteau. 
Eocene. 

Agassizia,  Val. ; Moira, 
A.  Ag.  Tertiary  and  Recent. 
Moiropsis,  A.  Ag.  Recent. 

Fio.  son.  SkCTION  C.  PrYMNODESMIA. 

Schizaster  frngiiu,,  Ag.  Apical  Suhaual  fasciolc  present. 

.system,  greatly  enlarged  (after 

Micraster,  Ag.  (Figs.  400, 
401).  Test  cordiform,  tumid,  rather  depressed.  Anterior  Amb  apetaloid,  in 
a shallow  dejmession  ; antero-lateral  Amb  sub-petaloid  dorsally,  diverging;. 


Fig.  sns. 

Srhizostrr  A rchi/rci,  Colt. 
Eocene;  San  Giovanni  Ilari- 
one,  near  Vicenza. 


( 


ORDER  V EUEOHINOIDEA— SPATANGOIDEA  247 


postero-lateral  shorter  than  the  others,  with  elongate,  conjugated  pores. 
Periproct  supra-marginal ; apical  system  eccentric  in  front. 

Broad  subanal  fasciole.  Abundant  in  Middle  and  Upper 
Cretaceous ; less  common  in  Eocene  and  Miocene. 

Brissus,  Klein  (Brissomorpha,  Laube) ; Meoma,  Gray ; 

Metalia,  Gray.  Tertiary  and  Recent.  Bhinobrissus,  A.  Ag. 

Recent. 

Brissopsis,  Ag.  {Deakia,  Pavay),  (Fig.  402).  Amb 
unequal,  bare  and  large  near  the  peristome.  Anterior 
Amb  slightly  sunken,  with  small  pairs  of  close  pores. 

Paired  Amb  sunken,  the  antero-lateral  pair  sub-petaloid, 
equal  to  or  larger  than  the  postero-lateral,  straight  or 
curved.  A subanal  and  peripetalous  fasciole.  Tertiary  and  Recent. 

Sub-genas  Cyclastcr,  Cotteaii.  Antero-lateral  Am&^divergent.  Eocene. 

Brissopatagus,  Cotteau.  Allied  to  Brissopsis.  Eocene. 

Spatangus,  Klein.  Anterior  Amb  in  a broad,  deep  groove,  with  distant 


Fig.  400. 

Micraster  coranganhm, 
Lam.  Apical  system. 


Fig.  401. 

Mi(yi'aster  cortestudin/.irmvi,  Goldf.  White  Chalk  ; Meuclon,  near  Paris.  Natural  size. 


pairs  of  small  pores.  Paired  Amb  petaloid,  with  broad,  sunken  poriferous 
zones.  Periproct  large,  supra-marginal,  transverse.  lAmb 
with  large  crenulate  and  perforate  primary  tubercles,  and 
fine  granulation.  Subanal  fasciole  only.  Tertiary  and 
Recent. 

Maretia,  Gray.  Tertiary  and  Recent. 

Eupatagus,  Ag.  Anterior  Amb  in  a shallow,  abactinal 
depression,  narrow,  and  with  small,  distant  pairs  of  pores. 
The  paired  Amb  petaloid  dorsally,  long,  wide,  closed ; por- 
iferous zones  broad,  more  or  less  sunken ; pores  dissimilar. 
Brissopsis  lyrifera,  Pcripetalous  and  subanal  fasciole.  Tertiary  and  recent. 

eXrged  (rfter  Loven).^™^  Sub-genus  Maa'opneustes,  Ag.  (Peripneustes,  Cott.),  (Fig.  402  bis). 

Test  large,  thick,  cordiform.  Petals  elongate  or  broad,  grooved  or 
semi -flush,  open  or  imperfectly  closed.  Poriferous  zones  of  equal  width  with  the  inter- 
poriferous.  Eocene  and  Recent. 

Gmltieria,  Desor.  Eocene.  Echinocardium,  Gray  ; Breynia,  Desor  ; Lovenia, 
Ag.  and  Desor.  Tertiary  and  Recent. 
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Section  D.  Atetala. 


Amhnlacra  jhish,  apefalous,  generalhj  uniporous,  and  either  similar  or  diverse ; 
plates  high,  few,  often  hexagonal.  Fascioles  usHallg  present. 


Umlei'  this  head  are  included  the  following 


Fig.  402  his. 

M'lrmpngusfcs  Mcnt'fjhinii,  Dosor.  Eocene;  Monte  JSjiiado,  near 
Vicenza. 


recent  genera,  all  but  the  first 
two  of  which  have  fascioles : 
— Genkopatagus,  Paiaeohrissus, 
A.  Ag. ; Aceste,  ^Vyv.  Thom- 
son ; Aerope,  Norman  ; Palaeo- 
tropus,  Loven ; Ilomolampas, 
Argopatagns,  A.  Ag.  ; and 
I'leistechinus,  de  Loriol. 
Miocene. 

Family  3.  Leskiidae.  Gray. 

Test  thin,  ovoid.  Apical 
system  with  three  basal  plates 
fused  into  one.  Peristome 
eccentric  in  front,  pentagonal, 
with  five  angular  buccal  plates. 

P ala  eo  s 1 0 rn  a,  Lov6n 
(Leskia,  Gray).  Eecent; 
China,  East  Indian  Islands. 

P’aniily  4.  Pourtalesiidae. 

Loven. 

Test  very  elongate,  sub- 
cylindrical  or  obconical,  truncated 
anteriorly,  fiat  actinally.  Peri- 
stome. in  a deep  anterior  recess ; 
pierijiroct  actinal,  or  above  the 
projecting  posterior  rostrum 
when,  such  is  jireseut.  Ambu- 
lacra flush,  apetalous,  sometimes 
discontinuous ; pores  single  or 
slit -I  ike. 


Pourtalesia,  Spatagocystis,  Echinocrepis,  A.  Ag.  Eecent. 


Range  and  Distribution  of  the  Echinoidea. 

Fossil  Sea-Urchins  make  their  ap])earance  as  early  as  the  Ordovician,  but 
are  rejiresented  very  sparsely  by  forms  difi’ering  in  a marked  degree  from  the 
normal  (Bothriocidaris,  Echinocystites).  The  order  Perischo'echinoida,  character- 
ised l)y  its  supernumerary  columns  of  plates,  is  widely,  but  by  no  means 
numerously,  distrilmted  in  the  Devonian  and  Carboniferous  of  North  America 
and  Europe. 

Fragmentary  remains  of  true  Cidarids  are  found  in  the  Permian,  perhaps 
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' even  in  the  Carboniferous  (Eocidaris),  but  not  until  the  Mesozoic  era  do  the 
' Euechinoidea  completely  replace  the  Palceechinoidea,  which  become  extinct  with 
the  Triassic  Tiar echinus. 

All  of  the  Triassic  Euechinoidea  are  true  Cidarids,  and  occur  chiefly  in  the 
Alps.  Some  of  them  are  remarkable  for  their  massive  spines,  which  are  found 
in  places,  as  at  St.  Cassian,  very  profusely  ; perfect  tests,  however,  are  rare. 
The  European  Lias  yields  a few  Cidarids,  and  also  the  oldest  known  exocyclic 
LTrchins  (Galeropi/gus,  Pygaster). 

Especially  rich  in  regular  Sea-Urchins,  as  well  as  in  members  of  the 
Echinoneidae,  Cassidulidae,  and  Colhjritidae  are  the  Middle  and  Upper  Jura  of 
England,  France,  Germany,  Switzerland,  the  Alps,  and  Northern  Africa.  The 
Lower  Cretaceous  of  the  same  region  exhibits  no  essential  change  in  the 
Echinoid  fauna;  but  the  advent  of  large  numbers  of  the  Ananchytidae  and 
Spatangidae  in  the  Middle  and  Upper  Cretaceous  of  Europe,  Northern  Africa, 
Asia,  and  North  America  imparts  to  these  horizons  a characteristic  appearance. 

During  the  Tertiary  the  Cidaridae  notably  decline,  the  Echinoconinae 
j become  entirely  extinct,  and  the  Clypeastroids  and  Spatangoids  advance  con- 
I spicuously  into  the  foreground,  taking  on  more  and  more  the  semblance  of 
recent  species.  Tertiary  Sea-Urchins  are  distributed  over  the  whole  world, 
and  are  particularly  plentiful  in  the  Nummulitic  Limestone  of  Europe, 
Northern  Africa,  Asia  Minor,  and  India. 

As  to  phylogenetic  relationships,  the  Perischoechinoida  may  very  properly 
be  regarded  as  the  forerunners  and  ancestors  of  the  regular  Euechinoidea. 
Among  the  latter  the  Cidaridae  form  the  most  primitive  and  stable  type ; 
the  Diadematoida,  on  the  other  hand,  exhibit  a much  greater  aptitude  for 
variation. 

AVhether  the  irregular  Euechinoidea  are  to  be  regarded  as  derived  from  the 
Silurian  Echinocystites,  or  from  the  regular  Euechinoidea,  is  an  open  question. 
It  is  obvious,  however,  that  the  gnathostomous  Ecldnoconidae  are  in  a number 
of  respects  very  closely  related  to  the  Eegulares.  The  atrophy  of  teeth  in  the 
Echinoneidae  certainly  gave  rise  to  the  Cassidulidae,  and  subsequent  modi- 
fications led  to  the  derivation  of  the  Ananchytidae  and  Sgxitangidue.  The 
Clypeastroids  may  also  be  looked  ujion  with  much  plausibility  as  a peculiarly 
modified  offshoot  of  the  Echinoconinae,  and  also  as  having  affinities  with  the 
Holectypoid  genus  Discoidea.  The  parallelism  between  ontogeny  and  phylo- 
geny  as  manifested  in  various  groups  of  the  Echinoidea  is  very  striking. 


Class  2.  HOLOTHURIOIDEA.  Forbes. 

The  Holothurians,  or  Sea-Cucumbers,  differ  markedly  from  all  other 
Echinoderms,  being  characterised  by  the  possession  of  an  elongated,  vermi- 
form body,  a terminal  anus,  and  contractile  tentacles  surrounding  the  mouth, 
and  by  the  absence  of  a test  proper. 

Their  palaeontological  importance  is  small,  since  the  only  structures  they 
possess  which  are  at  all  capable  of  preservation  are  the  small  integumentary 
calcifications,  occurring  in  the  form  of  wheels,  spicules,  spherules,  anchors, 
etc.  Such  detached  calcareous  structures  are  known  from  the  British  Carbon- 
iferous rocks,  from  the  Lias  and  Dogger  of  Lorraine,  the  Upper  Jura  of 
Franconia,  and  the  Cretaceous  of  Bohemia ; they  are  unquestionably  of  Holo- 


250 


ECHINODERMATA— ECHIXOZOA 


SUB-BHAXCH  Ii 


thurian  origin,  but  as  a rule  are  incapable  of  more  precise  determination. 
On  the  other  hand,  however,  Schlumberger  has  described  a number  of  minute 
calcareous  bodies  from  the  Calcaire  Grossier  (Eocene)  of  Paris,  which  seem 
very  certainly  referable  to  the  genera  Si/napta,  Chirotlota,  and  Myriotrochus. 


Table  Showing  the  Vertical  Ranc;e  of  the  Echinoidea. 


T. 

i 

Families. 

.2 

5 

c; 

5 

'n 

- 

ci 

I.  Palaeechmoidea 

Order  1.  Ctjstocidnroida, 

,,  2.  Buthrioc'iduro'ida 

,,  3.  Pcrischoechinoida 

II.  Euechinoidea 

Order  1.  Cklaroida 

1.  Ciilaridae 

Order  2.  Diddcuiatoula 

1.  Ecliiiiotliiiridae 

2.  Saleiiiidae 

•3.  Ilfinicidaridae 
4.  Diadcmatidae 
C'ypliOsoMiatidae 
(j.  Arbaciidae 

7.  Tcmiiopknividac 

8.  Eidnnometridae 
!b  Ecldiiidae 

Order  3.  llolcctupoida 
,,  4.  Chjpcastroida 

1.  Eil)ulariidae 

2.  C'lypc'astridae 

3.  Scutellidac 

Order  SpalniKjoidn 
].  Etdiinoneidac 

2.  Cassidididae 

3.  Collyritidao 

4.  Anancliytidae 
u.  Spatan^'idae 
(i.  Loskiidae 

7.  I’ourtalesiidae 


Sub-Kingdom  IV.  VERMES.  Worms.^ 


Bilaterally  symmetrical  animals  with  unsegmented  or  uniformly  segmented,  and 
usually  elongated,  bodies.  Segmented  lateral  appendages  wanting.  A dermal 
muscular  system  and  paired  excretory  canals  (water-vasmdar  system)  present. 

Of  all  the  larger  divisions  of  the  animal  kingdom,  none  is  so  poorly 
adapted  for  preservation  in  the  fossil  state  as  the  Worms,  whose  bodies,  as  a 
rule,  are  totally  without  hard  parts. 

All  Worms  are  laterally  symmetrical,  and  in  every  case  a dorsal  and 
ventral  surface  is  distinguishable.  The  group  of  unsegmented  Worms  ( Vermes 
proper,  as  restricted  by  some  authors)  have  either  flat  or  cylindrical  bodies, 
and  are  accordingly  distinguished  as  Platyhelminthes  or  Flat  Worms,  and  Nema- 
thelminthes  or  Round  Worms.  But  with  the  exception  of  a few  rare  parasitic 
forms  discovered  in  Carboniferous  insects,  or  in  insects  enclosed  in  amber, 
neither  of  these  classes  is  represented  in  the  fossil  state. 

The  segmented  Worms,  or  Annelida,  are  characterised  by  a division  of  the 
body  into  metameres,  which,  although  primitively  alike,  do  not  always  remain 
homonomous.  They  have  a brain,  a circumoesophageal  ring,  a ventral  chain  of 
ganglia,  and  a vascular  system.  The  body  is  more  or  less  elongated,  and 
sometimes  flattened,  . sometimes  cylindrical.  According  as  the  internal 
segments  correspond  exactly  with  the  external,  or  as  each  internal  segment 
corresponds  to  a definite  number  (3,  4,  or  5)  of  the  external  rings,  two 
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Pander,  G.  H.,  Monographie  der  fossilen  Fische  des  silurisclieii  Systems  des  russisoli-baltischeu 
Gouvernements,  1851. 

Ehlers,  E.,  Die  Borstenwtirmer  (Annelida  Cliaetopoda).  Leipzio,  1864-68. 

Ehlers,  E.,  Ueber  fossile  Wiirmer  aus  dem  lithographischeu  Schiefer  in  Bayern  (Palaeontographica, 
Bd.  XVII.),  1868. 

Claparkle,  E.,  Reoberclies  sur  la  structure  des  Annelides  sedentaires,  1873. 

Newherry,  J.  S.,  Palaeontology  of  Ohio,  vol.  II.  part  2,  1875. 

Hinde,  0.  J.,  On  Coiiodonts  from  the  Chazy  and  Cincinnati  Groups  ; and  on  Annelid  Jaws  from  the 
Cambro-Silurian,  Silurian,  and  Devonian  Formations  in  Canada,  and  from  the  Lower  Carbon- 
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(Quar.  Journ.  Geol.  Soc.,  vol.  XXXVI.),  1880. 
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Hinde,  O.  J.,  On  Annelid  Remains  from  the  Silurian  Strata  of  the  Isle  of  Gotland  (Bihang  till  K. 
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sub-classes  are  distinguished,  Chaetopoda  and  Hinulinea.  A further  difference 
is  to  be  noticed  in  the  locomotive  organs,  the  Chaetopoda  having  bristle-bearing, 
unjointed  appendages  (parapodia)  on  each  ring  of  the  body  ; and  the  Hinulinea 
having  a terminal  sucker.  The  latter  group  includes  only  the  Leeches,  which 
are  not  known  with  certainty  in  the  fossil  state. 

It  is  oidy  the  one  order  of  marine  AVorms  (Poh/chaefa)  belonging  to  the 
sub-class  Chaetopoda  with  which  the  palaeontologist  is  practically  concerned; 
as  the  Larthworms  and  their  allies  (Olifjochaeta)  are  wholly  unknown  as  fossils. 
The  marine  Chaetopoda  are  divisible  into  two  principal  sections,  known  as  the 
Sedentary  or  Tubicolous  AA'orms,  and  the  Xereid  or  Errant  Annelides. 


Sub  Order  A.  TUBICOLA.  Sedentaria.) 

roli/chuetoiis  ^diinelides  with  indistinrthi  separated  head,  and  short,  nsuulh/ 
non  - protrnsible  proboscis,  icithont  jaws.  1‘arajioiUa  short,  and  never  used  for 


I'lii.  ina. 


A,  Srrpvl/t  li nuix,  (iiAUr.  Jura  ; Franconia.  Ji,  C,  S'.  fiorJin/ia,  .Schloth.  Upper  ('retaccous : Banne- 

witz,  iwar  Dresden.  J),  S.  rnni-uhil(i,{’o\i\{.  .Miildle  Jura  ; Stnifen,  WurteniberK.  E,  S.  socuitis,  (ioh\f.  Midille 
Jura;  I.alir,  Baden.  SaTiie,  enlarKed.  G,  S.  xriilcmsulrula,  Heicli.  U])per  Cretaceous  ; Bannewitz.  II,  S, 
(Hot II I" ri",  Defr.)  siiiniliicn,  I.ani.  Kocene  ; Monte  Beriei,  near  Vicenza.  /,  Tcrcbella.  hipilloitles,  Miinst.  Upper 
Jura  ; Streitiierg,  Franconia. 

su'iiiuninri.  Inhabiting  more  or  less  Jinn  tubes,  which  theg  construct  for  themselves, 
and  subsisting  upon  vegetable  mutter. 

The  Tubicolous  Annelides  invest  themselves  with  a protective  tube  of 
usually  irregular  form,  to  which  they  are  not  organically  connected,  and  in 
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which  they  can  move  freely.  Sometimes  the  tubes  are  free,  but  more  com- 
monly they  are  attached  to  foreign  objects,  either  by  the  apex  or  by  one  side, 
and  may  occur  either  singly  or  in  clusters.  The  tubes  frequently  consist  of 
concentric  layers  of  lime -carbonate,  with  vesicular  cavities  between  the 
lamellae,  or  the  latter  may  be  traversed  by  fine  tubuli.  In  other  cases  the 
tubes  are  composed  of  agglutinated  grains  of  sand  and  other  foreign  particles  ; 
or  they  may  be  membranaceous  or  leathery.  The  materials  for  constructing 
the  tubes  are  procured  by  the  tentacles  or  branchial  filaments  of  the  head, 
and  are  cemented  together  by  a glutinous  secretion  from  large  glands.  Fossil 
worm-tubes  are  by  no  means  of  infrequent  occurrence,  and  are  known  from 
rocks  as  old  as  the  Ordovician.  Only  a few  of  the  more  common  examples 
can  be  mentioned  here. 

Serpula,  Lin.  (Fig.  403).  Under  this  head  are  included  the  majority  of 
fossil  Tubicolar  Annelides.  They  build  firm,  irregularly  contorted,  sometimes 
spirally  enrolled,  free  or  adherent  calcareous  tubes,  which  are  frequently 
clustered  together  in  large  numbers.  Beginning,  in  the  Silurian,  they  are 
sparsely  represented  in  the  Palaeozoic  era;  but  from  the  Jura  onward, 
numerous  forms  are  met  with,  the  usual  condition  being  parasitic  upon  other 
fossils.  Notably  in  the  Lower  Cretaceous  their  gregarious  masses  form  beds 
of  considerable  thickness  (Serpulitenkalk  of 
Serpulitensand  of  Bannewitz, 

S.  spirulaea,  Lam.  (Fig.  403  H) 
is  an  abundant  and  characteristic  Eocene 
species.  Living  Serpulas  have  a world-wide 
distribution. 

Terebella,  Cuv.  (Fig.  403  I).  Cylindrical, 
elongate,  more  or  less  bent  tubes,  composed 
of  cemented  grains  of  sand  or  other  adventi- 
tious particles.  Lias  to  Recent. 

Spirorhis,  Daudin  {Microconchus,  Murch.), 

(Fig.  404).  Minute,  snail-like,  or  spirally 
enrolled  calcareous  tubes,  cemented  by  the 
flat  under  side.  The  spiral  may  be  either 
dextral  or  sinistral,  and  is  usually  orna- 
mented externally  with  concentric  striae  or  annulations,  sometimes  with 
tubercles  or  spines.  Abundant  in  the  Palaeozoic  formations  from  the 
Ordovician  onward,  and  also  at  the  present  day ; somewhat  less  common 
in  the  Mesozoic  and  Cenozoic  eras.  Living  species  usually  adherent  on 
seaweeds. 

The  following  genera  are  commonly  regarded  as  Annelides,  but  their 
position  is  doubtful : — 

Serpuliies,  Murch.  Very  long,  smooth,  compressed,  and  somewhat  bent 
calcareous  tubes,  the  layers  admixed  with  organic  substance.  Silurian. 

Cornulites,  Schloth.  Thick-walled,  trumpet-shaped  tubes,  closed  at  the 
lower  end,  and  sometimes  attaining  a length  of  three  or  four  inches.  Exterior 
armulated,  and  covered  with  very  fine  longitudinal  striae.  Ordovician  to 
Devonian. 

Ortonia,  Nich.  Small,  conical,  slightly  flexuous,  thick-walled  calcareous 
tubes,  cemented  by  the  whole  of  one  surface  to  some  foreign  body.  Sides  of 


Braunschweig, 
near  Dresden). 


Fig.  404. 


Spirorhis  omphalodes,  Goldf.  sp.  Tube.s  at- 
taclied  to  a Bnichiopod  shell  (Orthothefes 
umhraculam).  Devonian  ; Gerolstein,  Eifel. 
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the  tube  ringed  with  imbriciiting  annulations,  the  free  upper  surface  apparently 
cellular  in  structure.  Ordovician  to  Carboniferous. 

Cunchicolites,  Xich.  Conical,  slightly  bent,  thin -walled  tubes,  growing 
together  in  clusters,  and  attached  by  the  small  lower  ends  to  Orthoceras  or 
Krachiopod  shells.  Tubes  made  up  of  numerous  short  rings,  each  of  which 
l)artially  overlajis  the  one  below.  Ordovician. 


Sub-Order  B.  ERRANTIA.  fNereidae.) 

Free-swimminri,  jrreduceous  Fohjchaeta,  with  well  - marhed  head.  Proboscis 
apuhle  of  protrusion,  and  armed  with,  p>o.pillae  or  ptowerful  jaws.  Parapodia  much 

more  developed  than  in  the  Tuhicola,  beset  with 
setae,  and  serving  for  locomotion. 

Undoulited  remains  of  Errant  Worms  have 
long  been  known  from  the  Lithographic  Slates 
(Tipper  Jura)  of  Bavaria,  and  include  the 
trails,  calcified  jaws,  and  excrements  of  numer- 
ous species.  The  })rincipal  genus  from  this 
horizon  is  Eunicites,  Ehlers  {Geophilns,  Germar), 
(Fig.  405),  }>erfect  impressions  of  which  are 
also  found  in  the  Eocene  shales  of  Monte 
Bolca. 

Under  the  head  of  Lnmbricaria,  Miinster 
{Linnbricites,  Schlothcim),  (Fig.  -fOG),  are  in- 
cluded a variety  of  obscure  remains  from  the 
Lithographic  Slates,  which  maybe  best  regarded 


1 

C V ' 1-4 


I:  * 


Fin,  405. 

luin  icitr.'i  ovitiis,  Killers.  Kitliof;rai)liic 
•Slates  ; Kichstadt,  Bavaria.  Natural  size. 


Fig.  400. 

Lnmhi'karia  colon,  Miinst.  Lithographic  Slate.s  ; Solen- 
hofen,  Bavaria.  Natural  size. 


as  the  excrements  of  Annelides.  They  occur  as  irregularly  contorted  bands  or 
strings,  sometimes  in  the  form  of  labyrinthic  coils,  and  are  usually  of  con- 
siderable length. 

The  Mgzostomidae,  which  are  jiarasitic  on  living  Comatulas,  are  shown  by 
Graff  to  have  infested  also  the  column  segments  of  Jurassic  Crinoids. 
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Of  peculiar  interest  are  the  minute  detached  jaws  and  toothed  plates  dis- 
covered by  Hinde  in  the  Ordovician,  Silurian,  Devonian,  and  Carboniferous 
rocks  of  Canada,  Great  Britain,  and  Sweden  (Island  of  Gottland).  These  are 


Fig.  407. 


Palaeozoic  Annelide-jaws.  A^Luiiibriconereiteshasalis^'B.mdiQ.  Silurian  ; Dundas,  Ontario,  lo/i-  B,Oenonites 
rostratus,  Hinde.  Toronto.  Eunicites  varians,  Grinnell.  Toronto.  6/i.  D,  Ardbdlites  scutellatus, 

Hinde.  Ordovician ; Toronto, 


very  small,  black,  highly  lustrous  bodies,  extremely  variable  in  form  (Fig. 
407),  and  mainly  composed  of  chitinous  material  which  is  unaffected  by  acid. 


Fig.  40S. 

_ Conodonts,  highly  magnified.  A,  B,  Paltodus  truncatus,  Pand.  (after  Pander).  C,  Prioniodits  elegaiis,  Pand. 
Cambrian ; St.  Petersburg.  D,  Polygno.thus  dubius,  Hinde.  Devonian;  North  Evams,  New  York.  -“/i. 

They  exhibit  a striking  resemblance  to  the  jaws  of  recent  Annelides,  and 
probably  represent  a large  number  of  genera. 

Of  less  certain  derivation  are  the  microscopic  teeth  so  well  described  by 
Pander  under  the  name  of 
“Conodonts”  (Fig.  408),  which 
occur  detached  in  the  Cambrian 
(Blue  Clay  underlying  the  Un- 
gulite  Grit)  of  St.  Petersburg, 
and  are  also  very  abundant  in 
beds  of  Ordovician,  Silurian, 
and  Carboniferous  age  in 
Russia,  Great  Britain,  the 
United  States,  and  Canada. 

They  are  usually  translucent, 
of  a shiny,  reddish  horn-colour, 
and  are  composed  of  carbonate 
and  phosphate  of  lime.  They, 
too,  exhibit  great  variety  in 
form.  By  Pander  and  others 
these  fossils  have  been  re- 
garded as  fish -teeth.  Zittel  and  Rohon,  however,  consider  that  they  are 
Annelid  jaws,  but  their  true  position  cannot  yet  be  said  to  be  satisfactorily 
determined. 

A quantity  of  supposed  worm -borings,  trails,  impressions,  and  other 


Nereites  Cambrensis,  M'Leay. 
Natural  size. 


Fig.  409. 

Cambrian ; Llampeter,  Wales. 
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obscure  remains  have  been  described  from  the  older  Palaeozoic  formations. 
The  burrows  have  the  form  of  straight  or  tortuous  tunnels,  and  are  sometimes 
hollow,  but  more  commonly  have  been  filled  up  by  the  matrix  of  the  rock. 

Various  names  have  been  applied 
to  them,  such  as  SroWhus,  Areni- 
rola,  IIisfioiIerma,PlauoIi(es,  JPjiIo- 
rraterion,  Spirucolex,  Srolecoderma, 
etc.,  but  they  are  obvioush^  in- 
capable of  precise  determination. 

Similarly,  the  serpentine  or 
vermiform  impressions  known 
as  Xereites,  consisting  usually  of 
a number  of  windings,  and  often 
of  profuse  occurrence  in  various 
Palaeozoic  formations,  were 
until  (piite  recently  regarded  as 
worm-tubes,  or  markings  made 
by  Fucoids.  These  also  have 
received  numerous  appellations, 
such  as  Kereifes  (Fig.  409), 
Xcmerfifes,  ^[i/rianifes,  Xoiiapnilia, 
Crossopodia  (Fig.  410),  J’hi/llodo- 
rifes,  Xaifes,  etc.  Xathorst,  however,  has  brought  forward  experimental 
evidence  to  demonstrate  that  the  majority  of  these  markings  have  been  pro- 
duced by  the  movements  of  Crustaceans,  Annelides,  and  Gastropods.  A 
like  origin  may  be  reasonably  ascril)ed  to  the  extraordinarily  abundant  and 
variable  vermiform  structures  known  as  “Hieroglyphics,”  which  occur  in  the 
Flysch,  Carpathian  Sandstone,  and  in  the  marine  facies  of  the  Cretaceous  and 
Jurassic  formations. 


Crosi^opotJtn  (Crossochordo) 
13agnoles,  Nonuainly. 


Fig.  410. 
Sf'OtiC'f, 


M‘Coy.  Onlovician  ; 


Sub-Kingdom  V.  MOLLUSCOIDEA. 

I 

i Under  the  term  MoUuscoidea,  Milne-Edwarcls  included  the  Br)jozoa  and 
Tunicata,  of  which  the  first  had  been  previously  regarded  as  Zoophytes,  and 
I the  second  as  Mollusks.  Huxley  afterwards  assigned  the  Brachioimla  to  the 
isame  phylum.  These  three  classes  form  a group  intermediate  in  position 
] between  the  Worms  and  Mollusks,  and  are  considered  by  many  zoologists  as 
directly  related  to  the  one  or  the  other.  The  Tunicata  have  more  recently 
been  regarded  as  an  independent  animal  type,  and  as  the  probable  progenitors 
[of  the  Vertebrates.  To  the  palaeontologist,  however,  they  are  devoid  of 
: practical  interest,  owing  to  their  total  lack  of  hard  parts. 

' The  typical  MoUuscoidea  either  secrete  a calcareous  shell,  or  are  invested 
with  a membranaceous  or  corneous  covering.  The  respiratory  organs  lie 
[anterior  to  the  mouth,  and  are  in  the  form  of  tentacles  or  Heshy  spiral 
appendages.  The  mouth  conducts  into  a closed  alimentary  canal.  The 
'nervous  system  is  highly  organised,  and  proceeds  from  a central  ganglion, 
situated  in  most  cases  between  the  mouth  and  the  anus.  Reproduction  is 
either  sexual  or  takes  place  by  budding.  The  ontogeny  of  the  MoUuscoidea 
is  most  nearly  comparable  with  that  of  the  Annelids. 

All  of  the  MoUuscoidea  are  water  inhabitants  ■,  the  Bryozoans  are  largely, 
and  the  Brachiopods  exclusively,  marine  forms. 

Class  I.  BRYOZOA.  Ehrenberg.^ 

Small,  almost  always  composite  animals  forming  by  gemmation  variously  shapied 
colonies,  each  zobid  of  which  is  enclosed  in  a membranaceous  or  calcareous  double- 

* Literature  : 

•VOrhirjny,  n.,  Paleontologie  Francaise  ; Terrain  cretace,  vol.  V.,  1850-51. 

Hngenow,  F.,  Die  Bryozoeu  der  Maestricher  Kreidebildimg.  Cassel,  1851. 

ffairne,  J.,  Description  des  Br}'ozoaires  fossiles  de  la  Formation  jurassique  (Mem.  Soc.  Geol.,  France, 
2nd  ser.  vol.  V.),  1854. 

Busk,  G.,  Catalogue  of  Marine  Polyzoa  in  the  Collection  of  the  British  Museum  Parts  I.  and  II.. 

Cheilostomata),  1852-54.  (Part  III.,  Cyclostomata),  1875. 

Busk,  G.,  Monograph  of  the  fossil  Polyzoa  of  the  Crag  (Palaeont.  Soc.),  1859. 

Guhh,  IF.  M.,  and  Horn,  G.  11.,  Monograph  of  the  fossil  Polyzoa  of  the  Secondary  and  Tertiary 
Formations  of  North  America  (Journ.  Acad.  Nat.  Sci.  Philad. , 2ud  ser.,  vol.  V.),  1862. 
Betssel,  /.,  Ueher  die  Bryozoeu  der  Aachner  Kreidebildung.  Haarlem,  1865. 

Reuss,  A.  E.,  Several  important  papers  in  Denkschr.  d.  Wiener  Akad.,  vols.  XXIII.,  XXXIV. 

1863-74  ; and  Palaeoutographica,  vol.  XX.,  1872-74. 

Hanzoiii,  A.,  Several  important  contributions  on  Tertiary  Bryozoans  in  Denkschr.  d.  IVieuer  Akad.. 
vols.  XXIX.,  XXXI.,  XXXVII.,  XXXVIII. , 1869-78. 
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walled  sac  {zocechm),  and  possesses  typicalUj  a freely  suspended  alimentary  canal 
with  mouth  and  anus.  Mouth  surrounded  hy  a crown  of  hollow,  slender,  ciliated 
tentacles  arranged  in  the  form  of  a circle  or  crescent.  Usually  hermapdirodite. 

The  Bryozoa,  or  Polyzoa,  most  nearly  resemble  certain  Corals  {Talulata)  and 
Hydrozoans  in  their  external  configuration,  but  difi'er  from  them  radically  in  the 
possession  of  a closed  alimentary  canal,  a highly  developed  nervous  system,  and 
delicate  respiratory  tentacles  surrounding  the  mouth.  With  the  exception  of  the 
solitary  genus  Loxosorna,  all  Bryozoans  live  together  in  colonies  or  zoaria,  of  greater  or 
lesser  extent,  and  of  either  calcareous,  corneous,  or  membranaceous  compo.sition.  These 
colonies,  which  are  formed  by  frei^uently  repeated  gemmation,  present  a multitudinous 
variety  of  form,  habit,  and  structure.  Sometimes  they  grow  into  plant-like  tufts, 
composed  of  a series  of  cells  variously  linked  together  ; very  commonly  they  spread 
ov'er  shells  and  other  foreign  bodies,  forming  delicate  interwoven  threads,  crusts  of 
exquisite  pattern,  or  hemispherical,  gloljular,  or  nodular  ma.«ses  of  considerable  size ; 
often  they  rise  into  branching  stems,  and  fronds  of  varying  width  ; and  at  other  times 
the  cell-bearing  branches  form  most  regular  and  beautiful  open-meshed  lace-work. 

Each  individual  is  enclosed  in  a separate  chamber  (zoacium)  of  either  utricular  or 
more  or  less  tubular  form.  Occasionally  the  zocccia  are  quite  distinct  from  their 
neighbours  ; more  commonly,  however,  intercommunication  is  elfected,  either  by 
means  of  minute  “connecting  foramina”  piercing  the  chamber  walls,  or  by  a common 
canal  to  which  all  the  zobids  are  attached.  A true  coenenchyma,  such  as  is  found 
among  the  Coelenterates,  never  occurs,  and  coenenchymal  gemmation  is  accordingly 
unknown  ; but  a somewhat  similar  “ vesicular  tissue  ” not  infrequently  occupies  the 
interzooecial  spaces  which  have  resulted  from  the  erection  of  the  zocecial  tubes. 

Such  vesicular  tissue  occurs  constantly  in  the  Fistuliporiduc  and  CyslodictyonUlac,  and  in 
the  latter  the  primary,  or  even  the  prostrate  cells,  are  not  entirely  contiguous.  The  upi)cr 
walls  of  the  vesicles,  at  least,  are  abundantly  perforated  ; and  when  with  increasing  age  the 
vesicles  t)ecome  tilled  with  a secondary  deposit,  these  jiores  are  not  obliterated,  but  continue  to 
pass  througli  such  dejiosits  in  the  form  of  minute  vertical  tubes.  Precisely  the  same  kind  of 
tissue  occurs  in  other  Bryozoans,  notably  among  adult  individuals  of  certain  Fcnestellidae,  in 
wliich  the  exiiauded  base  of  the  colony  is  largely  vesicular,  and  the  fenestrules  and  spaces 
between  the  carinae  of  the  branches  are  tilled  with  ve.sicles  for  some  distance  up.  The  real 
purpose  of  this  tissue  is  to  supjiort  the  zocccia  and  to  strengthen  the  zoarium. 

However  diverse  the  external  aspect  of  the  comj)osite  structure,  the  small  builders 
themselves  conform  to  a simple  and  cpiite  definite  type.  Briefly,  the  animal  consists 
of  an  alimentary  canal,  in  which  three  distinct  regions,  an  oesophagus,  stomach,  and 
intestine,  are  recognisable.  This  is  enclosed  in  a sac,  and  so  bent  upon  itself  that  its  two 
extremities,  or  ojienings,  apjwoximate  ; one  of  them,  the  oral,  being  either  entirely  or 
partially  surrounded  by  a row  of  slender,  hollow,  and  ciliated  tentacles,  which  serve 
for  respiration  and  for  sweeping  food  toward  the  mouth.  In  most  cases  the  anal 
opening  is  situated  without  the  ring  of  tentacles  (Edoprocta),  rarely  within  the  same 
(Entoproda).  Heart  and  vascular  system  are  wanting,  but  a nervous  ganglion,  sending 
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out  delicate  nerve  filaments  to  tlie  tentacles  and  oesophagus,  lies  between  the  mouth 
and  anus.  The  irpper  or  anterior  part  of  the  sac  is  generally  flexible  and  admits  of 
being  invaginated  by  the  action  of  numerous,  longitudinal,  and  transverse  muscles, 
which  traverse  the  fluid-filled  visceral  cavity. 

Reproductive  organs  are  developed  in  various  parts  of  the  cavity,  the  spermatozoa 
usually  in  the  lower,  the  ova  in  the  upper  portion.  The  ova  may  be  develoi)ed  in  a 
special  receptacle  (marsupium)  attached  to  the  zooecium,  or  in  an  inflation  of  the 
surface  of  the  zoarium  (gonocyst)  ; in  other  cases,  a modified  zooecium  {gonoecium)  is  set 
apart  for  reproductive  functions.  The  general  term  ocecium  or  ovicell  is  applicable  to 
all  of  these  structures. 

Many  Bryozoans  are  provided  with  appendicular  organs  known  as  avicularia  and 
1 vibracula  (Fig.  411).  Their  functions  are  somewhat  doubtful,  some  authors  regarding 
I them  as  food-procuring  agents,  and  others  as  organs  of  defence. 

I The  avicularia  may  be  immovably  attached  to  the  zooecium  ; but, 
as  a rule,  especially  among  recent  forms,  they  are  pedunculate, 
and  capable  of  considerable  swaying  motion.  Often,  as  in  Bugulu 
and  Bicellaria,  they  resemble  the  head  of  a bird,  consisting  of  a 
helmet-shaped  upper  piece,  with  a formidable  hooked  beak,  and 
a mandible  worked  by  powerful  muscles.  The  jaws  open  and 
close  with  a perpetual  snapjAng  motion,  and  small  organisms  or 
other  foreign  particles  happening  in  their  way  are  seized  and  held 
i with  a tenacious  grasp.  The  vibracula  are  flexible,  bristle-like 
appendages,  generally  set  in  the  excavated  summit  of  a knob-like 
elevation,  or  on  a blunt  spine. 

The  avicularia  and  vibracula  are  themselves  incapable  of 

preservation,  but  their  former  presence  on  fossil  specimens  may 

be  generally  determined  bj^  the  slight  pore-like  excavations  in 

which  they  were  lodged.  The  tubular  spines,  or  acanthopores,  Busk.*' "Remit 

which  are  of  such  common  occurrence  in  Palaeozoic  Bryozoans,  portion  of  upper  surface 
, , , . , 1 , f , , sliowinga vibraculumand 

were,  in  part  at  least,  probably  the  supports  ot  similar  structures,  ovicell  (after  Busk). 

The  term  lunarium  is  applied  to  a more  or  less  thickened 
; portion  of  the  posterior  wall  in  many  Palaeozoic  Bryozoans,  which  is  curved  to  a 
ji  shorter  radius  and  usually  projects  above  the  plane  of  the  zooecial  aperture.  Mesopores 
are  angular  or  irregular  cells  occupying  interzocecial  spaces  in  certain  Palaeozoic  genera. 

Most  Bryozoans  are  attached,  either  by  the  greater  part  of  their  surface,  or  only 
ba.sally,  to  extraneous  objects  ; or  they  are  moored  to  the  bottom  by  root-like  appen- 
dages. In  many  forms  the  zoarium  is  regularly  jointed.  The  majority  of  genera 
inhabit  the  sea,  and  occur  in  all  zones  and  at  all  depths  ; only  a few  genera  live  in 
fresh  water.  The  animals  subsist  chiefly  on  Diatoms,  Infusorians,  and  larvae. 

Classification. — The  classification  of  the  Bryozoans  remains  as  yet  in  an  unsatis- 
factory condition.  D’Orbigny’s  comprehensive  system  is  largely  artificial,  and 
although  numerous  modifications  and  improvements  have  been  suggested  by  later 
authors,  a thorough  revision  has  still  to  be  undertaken. 

Lankester  divides  the  class  into  two  very  unequal  sub-classes  as  follows  : (1) 

[ Holobranchia,  in  which  the  lophophore  or  row  of  tentacles  is  unbroken,  and  either 
circular  or  horse-shoe  shaped  ; and  (2)  Pterobranchia,  containing  the  single  genus 
Bhabdopleura,  which  has  the  lophophore  produced  on  either  side  into  a plume-like 
1 process,  so  that  the  tentacles  form  a discontinuous  series. 

The  Holobranchia  are  again  divisible  into  two  unequal  groups,  named  by  Xitsche 
Ectoprocta,  and  Entoprocta,  according  as  the  lophophore  surrounds  the  mouth  only,  or 
encloses  both  the  oral  and  anal  orifices.  The  first  of  these  groups  contains  the  bulk  of 
the  known  Bnjozoa ; and,  furthermore,  the  marine  forms,  and  all  genera  capable  of 
preservation  in  tlie  fossil  state,  are  inclrrded  in  the  single  order  Gyrnnolaemata.  This 
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is  distinguished  from  the  remaining  order,  Flnjlactolacmata,  Allman,  by  the  complete 
abortion  of  the  foot,  and  by  the  circular  arrangement  of  the  tentacles. 

The  Mesozoic  and  recent  marine  Gymnolaemata  are  almost  universally  divided  into 
the  three  sub-orders  proposed  by  Busk,  the  Cyclostomata,  Chilostomata,  and  Ctenostomata. 
To  these  Vine  has  added  a fourth,  the  Cryptostomata,  and  Ulrich  a fifth,  the  Trepo- 
stornata ; both  of  which  serve  mainh’  for  the  reception  of  Palaeozoic  forms. 

The  detailed  classification  of  the  Mesozoic  and  recent  Bryozoa,  especially  of  the 
Chilostomata,  is  less  settled  than  that  of  the  ancient  types.  This  non-conformity  is 
due  in  part  to  the  widely  different  views  prevailing  among  authors  as  to  the  relative 
value  of  the  various  characters  upon  which  the  groups  are  founded  ; and  partly 
because  the  mode  of  growth,  and  zoarial  characters  in  general,  are  much  less  constant, 
and,  therefore,  less  reliable  than  is  the  case  among  Palaeozoic  rei)resentatives  of  the 
class. 

Order  1.  GYMNOLAEMATA.  Allman. 


Sub-Order  A.  CYCLOSTOMATA.  Busk. 

(Bryozoaires  centrifugiue's,  d’Orbigny,  i).]).) 

Zoacia  very  simple,  calcareous,  tahular,  'usually  icitliout  transverse  p>artitions ; the 
orifices  pilain,  inoperculate,  not  contracted,  occasionally  expanded.;  urdls  thin,  minutely 
'porous;  apertural  pjortion  of  zooxial  tuhes  more  or  less  raised,  hent  outicards,  free  or  in 
hundles ; the  interspaces  icith  or  without  solid  or  tubular  strengthening  deposits.  Marsupia 
and.  appemlicular  organs  'ivanting.  (Jcecium  a large  cell  set  apart  for  reproductive  functions, 
or  a mere  in  flation  of  the  zoarial  surface. 

The  families  and  genera  of  this  sub-order  are  founded  almost  entirely  upon  the  form  of  the 
zoarium,  and  the  arrangement  of  the  zorecia.  The  presence  or  absence  of  inter.stitial  or 
accessory  cells  and  vesicular  tissue  (all  strengthening  dejiositsl  is  also  an  important  character. 

Until  (piite  recently  it  was  customary  to  regard  all  Palaeozoic  Bryozoans  as  Cydostoinata,  but 
the  labours  of  Ulrich  and  Vine  have  clearly  demonstrated  the  fallacy  of  such  an  assumption. 
The  families  Ccramoporklae  and  FistvUporidac  are  somewhat  doubtfully  referred  to  this  sub- 
order, because  they  agree  with  its  most  typical  members  in  having  amalgamated  and  minutely 
porous  walls.  ^Moreover,  the  latest  investigations  of  Ulrich  have  sliown  that  the  Geramoporidae, 
which  were  clearly  the  progenitors  of  the  Fistnliporidae,  were  in  turn  derived  fi'om  an  as  yet 
undescribed  group  of  Chazy  Bryozoans  greatly  resembling  Berenicca  and  Apscndesca. 


in 


!« 


Family  1.  Crisiidae.  Busk. 


Zoaria  dendroid,  attached  by  radical  tubes  and  courposed,  of  segments  united  by  corneous 
joints.  Zooxia  tubular,  disposed  in  single  or  doidfle  series.  Tertiary  and  Recent. 

Crisia]  Lam.  Zoaria  more  or  less  distinctly  articulated,  the  zooecia  in  a single  or 
in  two  alternating  series. 


Family  2.  Diastoporidae.  Busk  (emend.) 


Zoaria  adnate,  adhering  by  the  entire  base  or  only  at  the  centre,  at  other  times  rising 
into  bifoliate  leaves  or  hollow  stems.  Zooxia  tubular,  the  aperture  salient,  rounded,  never 
clustered.  Interstitial  cells  wanting.  Ovicells  mere  irregular  inflations  of  the  surface  of 
the  zoarium,  with  one  or  more  openings.  Ordovician  to  Recent. 


i 
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Sfomatopora,  Bronii  (Alceto,  Lam.  non  Leach),  (Figs.  41  2 and  413).  Zoaria  delicate,  J 
adnate,  dichotomously  branching.  Zoacia  sub-tubular,  clavate,  or  elongate-ovate,  ii 
arranged  in  one  or  more  series  ; apertures  sub-terminal,  usually  smaller  than  the 
width  of  the  cell.  Ordovician,  .Jura,  Cretaceous,  Tertiary,  and  Recent. 

Silurian  species  like  S.  inflata,  Hall,  perhaps  do  not  strictly  belong  to  this  genus. 
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D'Orbigny,  Haime,  and  others  restrict  Slomatopora  to  the  uniserial  forms,  and  classify 


A,  Stomatopora  tenuissima,  Ulrich.  Utica  Group  ; Cincinnati,  O. 
Zooecia,  le/j.  B,  S.  iitftntci,  Hall.  Loraine  Group ; Cincinnati,  6/i.  0,  .S. 

(Proboscina)  frondosa,  Xich.  Same  locality.  Portion  of  large  zoarium, 
12/j  (after  Ulrich). 


Stomatopora  dicliotoma,  Lamx. 
sp.  Great  Oolite  ; Ranville, 
Calvados.  A,  Zoarium,  l/i.  R, 
same,  enlarged. 


the  multiserial  as  Proboscina,  Andouin.  Should  the  latter  genus  have  to  be  vvithdratvn, 
Ulrich  would  place  the  multiserial  species  with  Berenicca. 


Berenicea,  Lam.  {Diastopora,  Busk  non  Lam.),  (Fig.  414).  Zoaria  forming  thin, 
discoid,  flabellate,  or  irregular  crusts  upon  foreign  bodies.  Zomcia  arranged  in 
irregularly  alternating  lines.  Bare  in  Ordovician,  very  abundant  in  Jura  and 
Cretaceous,  less  frequent  in  Tertiary  and  Recent. 

Discosparsa,  d’Orb.  Differ.s  from  Berenicea  in  having  obconical  or  cup-shaped 
zoaria,  attached  by  centre  of  the  base  only.  Cretaceous. 

Diastopora,  Lam.  {Mesenteripora,  Blv.),  (Fig.  415).  Like  Berenicea,  except  that  the 


Berenicea  diluviana,  Lamx.  Great  Oolite; 
Ranville,  Calvados.  A,  Young  expansion, 
i/i.  B,  Same,  enlarged  (after  Haime). 


Fig.  415. 

Diastopora  folia.cea,  Lamx.  sp.  Great  Oolite  ; 
Ranville,  Calvados.  A,  Fragment  of  zoarium,  l/i. 
B,  Enlarged  portion  of  same. 


zoarium  rises  into  broad,  simple,  or  convoluted  leaves,  composed  of  two  layers  of 
zocecia  grown  back  to  back.  V^ery  abundant  in  the  Jura,  less  common  in  Cretaceous 
and  Tertiary. 

Bidiastoporct,  d’Orli.  Like  Diastopora,  but  the  zoaria  forming  only  narrow,  parallel- 
edged  branches.  Cretaceous. 

Diastoporina,  Ulrich,  Ordovician  ; Hederella  and  Hernodia,  Hall,  Devonian  ; and 
Reptaria,  Rolle,  Devonian. 
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Family  3.  Idmoneidae.  Busk. 


Zoaria  forinimj  free  or  adnate,  varioudy  compresml  branches.  Zoacial  apertures 
rounded,  more  or  less  elevated,  usually  arranged  in  transverse  rows  on  two  faces  of  the 
branches ; sometimes  the  two  faces  are  confluent.  Dorsal  surface  of  the  branches  without 
zoeecia,  but  often  occupied  by  mwnerous  small  tubular  p>ores,  which  may  also  occur  near  the 
aperhires.  Sac-lihe  ovicells  with  but  a single  opening.  Ordovician  to  Recent. 

Idmonea,  Lam.  (Eeptotubigera,  Crisina,  d’Orb.),  (Fig.  416).  Repent  or  erect,  simple 
or  branching.  Branches  usuall}'  triangular,  two  of  the  faces  carrying  the  zooecial 

ajiertures,  which  are  generally 
arranged  in  alternating  transverse 
series.  Jura  to  Recent. 

Bisidmonea,  d’Orb.  Quadrate, 
simple,  or  branching  stems,  bear- 
ing zooecial  ajjertures  on  all  faces. 
Cretaceous. 

Filisparsa,  d’Orb.  Branches 
compressed  dorso-frontally ; aper- 
tures irregularly  dis^josed  ; other- 
wise like  Idmonea.  Ci’etaceous. 

Filicavea  and  Filicrisina, 
d’Orb.  Cretaceous. 

Hornera,  Lam.  Zoaria  with 
free  or  anastomosing,  generally 
sub-cylindrical  branches.  Zooecial 
apertures  more  or  le.ss  irregularly  distributed.  Cretaceous  to  Recent. 

Iteticulipora  and  Itetecava,  d’Orb.  Zoaria  reticulated  ; branches  greatly  compressed 
laterally.  Cretaceous. 

Bicrisina  and  Snlcocava,  d’Orl).  (Laterocava,  d’Orb.)  Cretaceous. 

Brotocrisinu,  LTlrich  (Fig.  417).  Narrow,  bifurcating  branches,  celluliferous  on  one 
side  only.  Zocecia  sub-tubular,  with  iironiinent  circular  apertures  arranged  in  inter- 
secting diagonal  series.  Small  pores,  apparently  communicating  with  interior  of  the 
zooecia,  irregularly  distributed  over  both  faces  of  the  branches.  Ordovician. 


Kia.  41G. 

Idmonea  dorsatti,  Ilagw.  L’p}>er  Cre- 
taceous; ^Maestricht.  Ay  Branch,  Vi* 
/',  Upper,  and  C,  Lower  side,  iiigiily 
magnified. 


Fig.  417. 

Protocrininn  rxifina, 
Ulrich.  Trenton 
Group  ; Trenton, 
X.Y.  Branches  of  a 
large  expansion,  i-’/i. 


Family  4.  Entalophoridae.  Reuss. 

Zoaria  ramose;  branches  free,  sub-cylindrical,  with  rounded  and  more  or  less  promin- 
ently exsertrd  zonwial  apertures  opening  on  all  sides. 

(1)  inthout  accessory  (jr  interstitial  pores  ef  any  kind. 

Ordovician  to  Recent. 

Entalophora,  Lam.  (Bustulopora,  Blv.),  (Fig.  418). 

Zocecial  tubes  disposed  about  an  imaginary  axis,  and 
with  rounded,  more  or  less  prominent  apertures.  .Jura 
to  Recent. 

Spirojuira,  Jjam.  {Laterotubigera,  d’Orb.),  (Fig.  419). 

Like  tlie  preceding,  but  apertures  arranged  in  regular, 
spiral,  or  transverse  linear  series,  and  closely  situated. 

Zooecial  tubes  disj^osed  about  a definite  central  axis  or 
axial  tube.  .Jura  to  Recent. 

Mitroclema,  Ulrich,  Ordovician  ; Clonopora,  Hall, 

Devonian  ; Peripora,  d’Orb.,  Cretaceous. 

Diploclema,  Ulrich.  Similar  to  Entalophora,  but  with  branches  spreading  in  the 


Entaloplwra.  vir- 
n lil  a,  Hag  w. 


Fio.  419- 

Sjnrojmra  ver- 
tidllaiay  Goldf. 
Upper  Cretace- 
ous : Maestricht 
(after  Hageiiow). 
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same  plane,  slightly  compressed,  and  divided  into  two  ecpial  parts  by  a wavy  mesial 
lamina.  Silurian. 

? Clausa,  d’Orb.  (Claviclausa,  (?)  Sparsicavea,  d’Orb.)  Like  Entalophora,  but  having 
the  zooecial  apertures  surrounded  by  shallow  interstitial  cells,  the  mouths  of  which  are 
covered  in  the  perfect  condition.  Cretaceous. 

? Petalophora,  Lonsd.  (Gavea,  d’Orb.  ; Canalipora,  Hagw.)  Cretaceous. 


Family  5.  Fasciporidae.  d’Orbigny  (emend.) 


Zocecia  tubular,  opening  in  clusters  at  the  growing  extremities,  and  in  linear  or  quin- 
cuncial  series  on  the  sides  of  the  lamelliform, 
or  ohconical  zoaria.  Accessory  pores  loanting. 

Cretaceous. 

Fascipora,  d’Orb.  (Fasciporina,  d’Orb.)  Zoaria 
compressed,  sub-ramose  to  lamelliform.  Aper- 
tures arranged  quincuncially  or  somewhat 
irregularly  on  both  sides,  and  on  the  more 
or  less  expanded  growing  extremities  of  the 
branches  and  lamellae.  The  lamelliform  sj^ecies 
resemble  Diastopora,  but  are  without  a mesial 
lamina. 

Semifascipora,  d’Orb.  (Fig.  420).  Zoaria  cup- 
or  funnel-shaped,  with  only  the  outer  surface 
poriferous,  the  inner  covered  by  an  epitheca. 

Poriferous  face  thrown  into  vertical  ridges  bear- 
ing the  salient  tubular  mouths  of  one  or  more 
rows  of  zooscia.  At  the  upper  edge  the  ridges 
pass  into  large  clusters  of  aj^ertures. 

Gonotubigera  and  Serietubigera,  d’Orb.  Closely 
related  to  the  preceding. 


Fig.  420. 


Semifascipora  variahili.s,  d'Orb.  Cretaceous  ; 
France.  Side  view  of  zoariuin,  a*/l' 


Family  6.  Fascigeridae.  d’Orbigny  (emend.) 

Zoaria  repent  or  erect,  lamelliform  or  branching,  generally  the  latter.  Zooecial  apertures 
arranged  in  bundles  or  clusters,  in  which  they  are  contiguous.  Jura 
to  Eecent. 

Filifascigcra,  d’Orb.  (Fig.  421).  Zoaria  repent,  irregularly 
branching.  Apertures  erect,  in  successive  groups  of  from  two  to 
five  or  more.  Growth  terminal.  Cretaceous  and  Tertiary. 

lleptofascigera,  d’Orb.  {Semitubigera,  d’Orb.)  Zoaria  repent, 
growth  terminal.  Apertures  in  two  series  of  clusters  directed 
alternately  to  the  right  and  left.  Cretaceous. 

Theonoa,  Lam.  {Tilesia,  Lam.  ; Fascicidaria,  il.  Edw.  ; 
Lopholcpis,  Hagw.  ; Multifascigera,  etc.,  d’Orb.),  (Fig.  422). 
Zoaria  lamelliform  or  massive,  usually  free,  with  an  epitheca  on 
lower  face  ] sometimes  in  superposed  layers.  Apertures  in 
elevated  clusters,  somewhat  irregularly  distributed,  more  or  less 
ruijasctgcra,  megaera,  elongated.  Growth  peripheral.  Jura  to  Tertiary, 
vfncei'tmvn*^”^^  Fosciculipora,  d’Orb.  (Fungella,  Hagw.),  (Fig.  423).  Zoaria 

men  seen  from  above  and  erect,  simple,  or  branching.  Apertures  crowded,  limited  to  the 
U°riclo^^  convex  and  usually  expanded  upper  extremities  of  the  branches. 

Sides  of  stems  usually  without  pores.  J ura  to  Tertiary. 
Frondipora,  Imperato.  Zoaria  bushy,  attached  at  the  base  ; branches  free  or 
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anastomosing.  Zofccial  apertures  on  one  side  only  ; branches  otherwise  without  pores. 
Cretaceous  to  Recent. 

Unicytis,  d’Orb.  Like  the  preceding,  except  that  the  non-elevated  portions  of  the 
surface  of  the  branches  are  occupied  by  interstitial  cells.  Cretaceous. 


Theo)wo  oyrfinfiyrn,'M.E([v:.  Crag;  Sussex.  J , Zoarium  broken 
open  in  a vertical  plane,  Vi-  Enlargetl  portion  ot'ui>per  surface. 


FfisciciiUpora  incr(tss(it(i,  d'f)!’!).  Upper 
Cretaceous  ; Meudon,  near  Paris.  Ter- 
niinal  fragment,  nat.  size  and  enlarged 
(after  d’Orbigny). 


Osculipont,  d’Oi'h.  (Fig.  424). 


Fir;.  424. 

Osailipora  (rini- 
Cfftd,  llagw.  Up- 
per Cretaceous  ; 
Maestricht,  Hol- 
land. Fragment, 
V]  and  enlargeil 
(after  Ulricli). 


Fio.  42o. 

Trnncatuln  rcprnSy 
Ilagw.  Ui»per  Cretace- 
ous; Maestricht.  Lower 
ami  upper  sides  of 
zoarium,  enlargeil  (after 
llagenow). 


Differs  from  Frotnli'pom  in  having  tlie  apertures  in  two 
alternating  rows  of  more  or  less  strongly  project- 
ing clusters.  Crcdaceous. 

Truncatula,  Ilagw.  (Fig.  425).  Distinguished 
from  Osnilipora  by  liaving  one  face  only  covered 
witli  epitheca,  the  other  (convex  side)  exhibit- 
ing numerous  longitudinally  arranged  interstitial 
cells.  Cretaceous. 

Iksmeopora,  Lonsd.  (Scminjtin,  d’Orb.)  ; Dis- 
cofdscigem,  d’Orli.  Cretaceous. 

Cyrtojiora,  Ilagw.  Suli  - cylindrical  stems 
with  prominent  clusters  of  four  or  more  zoo’cial 
apertures  scattered  over  the  entire  surface.  In- 
terspaces smooth.  Cretaceous  to  Recent. 

Flithojiora,  Ilagw.  Clusters  larger  than  in  the 
preceding,  and  the  depressed  interspaces  occupied 
bv  small  cells.  Cretaceous. 


Family  7.  Lichenoporidae. 

Zoaria  simjile  or  composite,  discoid  or  massive,  adheriny  by  more  or  less  of  the  under 
surface.  Zoocial  apertures  on  the  upper  surface,  arranged  in  radial  series.  Jura  to 
Recent. 

Discocytis,  d’Orb.  {Pelagia,  Mich,  non  Lam.;  Bicctvca,  Itadiocavea,  d’Orb.),  (Figs.  42G, 
427 j.  Zoaria  cup-shaped,  obconical,  or  discoid,  often  pedunculate,  poriferous  on  the  under 
and  outer  sides.  Tlie  concave  upper  side  with  a decidedly  radial  structure  ; zotrcial 
apertures  scarcely  distinguishable  from  pores  on  the  sides  of  the  zoarium.  Cretaceous. 

Apjsendesia,  Lam.  {Pelagia,  Lam. ; lufrancea,  Broun  ; Padiofascigera,  etc.,  d’Orb.  ; 
? Pusldee,  Reuss),  (Fig.s.  428,  429).  Zoaria  simple  or  composite,  discoid  or  lamelliform, 
attached  by  a peduncle  or  by  the  whole  under  surface.  Interstitial  cells  wanting, 
.lura  to  Recent. 

Lichenopora,  Defr.  {Discocavea,  Eadiocacea,  etc.,  d’Orb.  ; Stellipora,  Hagw.  non  Hall; 
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Discoporella,  Gray),  (Figs.  430,  431).  Like  Apsendesia,  except  tliat  interstitial  cells  occnr 


Fig.  420.  Discocytis  dlodcma,  Goldf.  sp. 

Upper  Cretaceous  ; Maestriclit. 

Discocytis  endesii,  d’Orb.  Upper  Cretaceous ; France.  Specimens/^  -4,  Zoariuin,  i/j.  B,  Protile  of 

natural  size,  and  three  views  of  same  enlarged  (after  d’Urbigny).  same.  C,  Upi^er  surface,  enlarged. 


between  the  elevated  rows  of  zooecial  apertures,  on  a depressed  space  at  the  centre  of 
each  disk,  and  often  also  on  the  under  surface  of  the  zoariuin.  Jura  to  Eecent. 


Fio.  4-28. 

Ajysendesia  Gandryana,  d’Orb. 
Upper  Cretaceous ; France. 
Upper  surface,  8/i. 


Apsendesia  (Buslcia)  tohidifera,  Rnemer  sp.  Astrupp,  Westphalia.  .4, 
Zoarium,  i/i*  -2?  Cluster  of  zooecial  apertures,  enlarged. 


Stellocavea,  d’Orb.  Zoaria  discoidal,  the  upper  surface  exhibiting  the  salient  edges  of 


Licliennpora  (Radiopom)  stdlatn,  Golilf.  sp.  Planer;  Plauen,  Saxony 
Lichenopompocin>im,<VOrh.  Cre-  .4,  Zoarium,  V,.  JB,  Same,  enlarged.  C,  Vertical  section  of  specimen  from 
taeeous ; France  (after  d'Orbigny).  Greensainl  of  Essen. 


numerous  radially  arranged  plates,  few  of  them  reaching  the  centre.  Zooecial  tubes 
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opening  on  the  two  opposite  sides  of  plates.  Depressed  interspaces  occujiied  by  inter- 
stitial cells.  Cretaceous. 

? Multicavea,  d’Orb.  Zoaria  ramose,  the  stems  poriferous  on  all  sides,  interstitial 
cells  comjiosing  the  greater  part.  Apertures  forming  short  stellate  series  disposed  at 
close  intervals  over  the  surface  of  the  branches.  Cretaceous. 


Zoaria  multiform^  encrusting,  lamellar,  hulhous,  lobate,  digitate,  or  ramose,  composed  of 
(ioschj  arranged  thin-walled  tubes.  The  latter  sometimes  completely  separated  by  angular 
interstitird  cells.  Walls  of  neighbouring  tubes  thoroughly  amalgamated  and  pierced  by 
numerous  pores.  Trias  to  Recent. 

The  Ceriopondae  greatly  resemble  many  of  the  Palaeozoic  Trepostomata,  but,  as  a rule,  may 
be  readily  distinguished  by  the  complete  amalgamation  and  porous  nature  of  their  zocecial  walls. 

Ceriopora,  Goldf.  (Ceriocava,  d’Orb.),  (Fig.  432).  Zoaria  encrusting,  massive, 
lobate,  or  ramose,  often  consisting  of  two  or  more  superposed  layers  of  tubes.  The 


Apertures  rounded,  the  peristome  often  slightly  raised.  Interstitial  tubes  numerous, 
angular,  usually  suirounding  the  zooccia  completely,  their  orifices  closed  when  ])erfect. 


They  are  frequently  gathered  into  clusters  and  separate  the  true  zocecia  into  zones  or 
patches.  Very  abundant  in  Jura  and  Cretaceous,  rare  in  Tertiary  and  Recent. 

Heteroporella,  Busk.  Like  the  lueceding,  but  growth-habit  encrusting.  Cretaceous 
and  Tertiary. 


Family  8.  Cerioporidae.  Busk. 


n 


.1 


c 


latter  are  sub -equal,  in  close 
contact,  of  one  kind  only,  and 
their  round  or  polygonal  aper- 
tures cover  the  entire  upper 
surface  of  the  colony.  Very 
abundant  in  the  Alpine  Trias, 
.sparse  in  the  .Jura,  but  frequent 
again  in  the  Cretaceous. 


Fig.  432. 

Crrinpom  sportgites,  Golilf.  Greeiisaiul ; Essen.  A,  Zoarium,  iq. 
C,  Upiierand  lower  sides,  enlarged. 


Heteropora,  Blainv.  [Multi- 
cresis,  Nodicresis,  Zonopora, 
I’olytrernata,  etc.,  d’Orb),  (Fig. 
433).  Zoarium  variable,  gener- 
ally ramose,  sometimes  com- 
jiosed  of  several  layers  of  tubes. 


A 


c 


Fig.  434. 


Fig.  433. 


HilcropnrnpKshdosfi,  Midi.  Great  Oolite  ; Ilanville, 
Calvados  (after  Haiine).  .4,  I!,  Zoarium,  iq.  C,  Ver- 
tical .section.  I),  Upiier  surface,  enlarged. 


Kruropom  nngulom,  Goldf.  sp.  Upper  .Tura; 
Oerlingen,  near  Ulni.  A,  Natural  size.  B,  Portion 
of  surface,  enlarged. 
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1 Ditaxia,  Hag\v.  Zoaria  ramose,  branches  flattened,  consisting  of  two  layers  of 
tubes  grown  together  back  to  back.  Otherwise  like  Heteropora.  Cretaceous. 

Chilopora,  Haime.  Zoaria  erect,  lainelliform  ; apertures  rather  large,  rounded 
or  sub-triangular,  oblicjue,  with  the  lower  half  of  the  margin  elevated.  Interstitial 
cells  numerous,  much  smaller  than  the  zooecia.  Jura. 

Keuropora,  Bronn  {Chrysaora,  Lam.  ; Filicava,  d’Orb.),  (Fig.  434).  Zoaria  generally 
irregularly  ramose,  attached  at  the  base,  composed  of  sub-ec[ual  tubular  zooecia.  These 
open  on  all  exposed  parts  of  the  surface,  save  on  certain  variously  arranged,  more  or 
less  raised,  thin  solid  ridges.  Jura  and  Cretaceous. 

Acanthopora,  d'Orb.  Zoaria  ramose,  consisting  of  but  one  kind  of  zooecia!  tubes. 
Surface  studded  with  numerous  solid  conical  or  spine-like  prominences.  Jura  and 
Cretaceous. 


Families  doubtfully  referable  to  the  Cyclostomata. 


Family  9.  Ceramoporidae.  Ulrich. 


Zoaria  usually  encrustiny,  sometimes  discoid,  lamellate,  massive,  or  forming  more  or 
less  regular  hollow  branches;  rarely  bilobiate.  Clusters  of  mesopores  and  of  zocecia,  larger 
than  the  average,  occur  at  regular  intervals.  Zocecial  apertures  usually  oblique,  of  sub- 
triangular,  ovate,  or  ptolygonal  form  ; lunarium  present,  appearing  at  the  surface  as  a 
pirominent  overarching  hood,  or  as  a slightly  elevated  portion  of  the  margin,  of  crescentic 
form,  with  the  ends  projecting  more  or  less  into  the  aperture.  Mesopores  or  interstitial  cells 
genercdly  present,  always  irregular,  and  usually  without  diaphragms.  A few  horizontal 
diaphragms  often  present  in  the-zocecial  tubes.  IValls  minutely  porous,  comp>osed  of  intimately 
connected  and  irregularly  laminated  tissue.  Ordovician  and  Silurian. 

This  is  one  of  the  largest  and  most  important  of  the  families  of  Palaeozoic  Bryozoans,  and  is 
especially  common  in  the  Trenton  and  Cincinnati  Groups.  The  earliest  forms  resemble 
Berenicca  and  Apsendcsia  ; while  Ceraniopordla,  ChUoporelta,  and  especially  Bythotrypa,  may 
be  regarded  with  reasonable  confidence  as  the  progenitors  of  the  FistuJiparidae.  At  any  rate 
the  connection  between  the  two  families  is  so  intimate  as  to  forbid  any  wide  separation. 

Cerarnopora,  Hall.  Discoidal,  free,  or  attached  by  the  centre  of  the  base.  Under 
surface  with  one  or  more  layers  of  small  irregular  cells.  Zocecia  opening  on  the  upper 


Fig.  435. 

Ceramoporella  distincia, 
Vlrich.  Lower  Trenton, 
Minnesota.  Surface  of  para- 
sitic expansion,  i-/i  (after 
Ulrich). 


A 


B 


C 


Crepipora  pemmpla,  Ulrich.  Trenton;  Minnesota.  -4,  Vertical  section. 
B.  Transverse  section,  r/j.  c,  Same,  14 4^  showing  lunaria.  D,  Surface  of  C. 
simulans,  LUrich,  »'i  (after  Llrich). 


surface,  large,  oblic[ue,  imbricating,  and  radially  arranged  about  the  depressed  centre. 
Mesopores  irregular,  short,  numerous  at  the  centre  of  the  colony,  decreasing  toward  the 
lierijfliery.  Silurian. 

Ceramoporella,  Llrich  (Fig.  435).  Zoaria  encrusting,  becoming  massive  by  super- 
imposition of  numerous  thin  layers.  Zocecial  tubes  short,  walls  thin,  apertures  more 
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01'  less  oblique,  liooiled,  commonly  of  oval  shape.  Me.sopores  abuiulant,  often  com- 
pletely isolating  the  zooccia.  Apertures  closed  by  a thin  calcareous  sheet  at  maturity. 
Abundant  in  Ordovician.  C.  diatinda,  Ulrich. 

Cnqnpora,  Ulrich  (Fig.  436 1.  Encrusting,  lamellate,  or  massive,  in  one  case  forming 
hollow  liranches.  Zomcial  tubes  long,  iiartitioned  off  by  a moderate  numlier  of 
diaphragms.  IMesoiiores  almost  entirely  restricted  to  the  maculae,  which  are  distributed 
over  the  surface  as  minutely  jiorous  elevations  or  depres-  ^ 

sions.  Apertures  very  slightly  oblirpie,  angular,  or 
sub-pyriform.  Lunarium  well-»lefined  in  perfect  .siieci- 
mens,  best  shown  in  tangential  sections.  Ordovician, 


tangential 

? Silurian. 


Fig.  43S. 


Fig.  437. 

Aiiolfitivliid  impoUtd,  Vh\  Lower  Trenton  ; Minnesota.  -1,  Surface, 
6/j.  7>',  Vertical  section,  f*/].  Tangential  section,  i-/],  showing  tubes 

of  lunarium.  1>,  Tangential  section  of  A.  ponderot^d,  Ulr.,  from  the 
Cincinnati  formation  at  Wilmington,  111.,  showing  numerous  lunarial 
tubes  (after  Ulrich). 


CeramophyUa frondoso , Ulr.  Black 
Kiver  Sliales  ; Minnesota,  vl,  Zoar- 
iuni,  y;,  Surface  of  same,  ‘Vi* 
C,  Two  zoiecia  of  a tangential 
section,  i-/j.  Hight  half  of  a 
vertical  section,  (after  Ulricli). 


Anolotichia,  Ulrich  (Fig.  437, ’.  Zoaria  large,  ramose,  or  digitate,  consisting  of 

long,  suh-j)olygonal  tubes  intersected  by  remote  diaphragms.  Mesopores  never  very 
numerous.  Lunarium  slightly  elevated  at  the  surface,  traversed  internally  by  two  to 
si.\  minute,  vertical,  closely  tabulated  tubes.  Ordovician. 

Diamesopora,  Hall  (CuelodeiiKi,  Ulrich).  Hollow  branches,  lined  internally  with  a 


i: 


ments,  ami  Ili/thofn/pa  Jf<xatd,  Ulr.  Trenton  ; Minnesota.  A,  Surface,  B,  Vertical 

one  'Vi-  section,  “/i.  C,  Transverse  section,  (after  Ulrich). 


striated  ejutheca.  Zooccia  as  in  Ccramopordln,  but  with  thicker  walls.  Ordovician 
and  Silurian. 

CemmoplnjUa  and  Chilopordhi,  Ulrich.  Ordovician. 

BijthotnqKi,  Ulrich  (Fig.  440).  Zoaria  massive  or  lamellate.  Zomcial  tubes  long, 
intersected  by  thin  diaphragms.  Lunarium  large  ; mesopores  numerous,  open  at  the 
surface,  forming  interiorly  a vei-y  loose  vesicular  tissue.  Ordovician. 

Sccncllopow,  L'lricli.  Zoaria  simple,  pieclunculate  ; under  surface  with  an  eiiitheca, 
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the  upper  slightly  concave  and  celluliferous.  Zoa'cia  with  slightlv  oblique,  sub- 


circular  apertures,  radially  arranged 
on  the  summits  of  low  ridges.  Very 
suggestive  of  Apsendesia.  Certain 
Chazy  species  are  composite,  and  allied 
to  Ceramoporella.  Ordovician. 

Spatiopom,  Ulrich  (Fig.  441). 
Zoaria  forming  thin  crusts,  especially 
on  Orthoceras.  Apertures  irregular ; 
lunarium  scarcely  perceptible.  Meso- 
pores,  when  p>resent,  chiefly  in 
maculae.  Interspaces  often  with 
large  blunt  spines  (1  acanthopores). 
Ordovician. 


.4  B c 


Fig.  441. 


i^patiopora  cspero,  Ulr.  Cinciunati  Group  : Hamilton,  (). 
,4.  Surface.  B,  Vertical  section.  C,  Tangential  section  ; all 
14, T (after  Uli'ieli). 


Family  10.  Fistuliporidae.  Ulrich. 


Zoaria  massive,  laminar,  or  ramose,  the  surface  exhibiting  at  regular  intervals  “ maculae  ” 
or  ^‘monticules”  composed  of  clusters  of  vesicles  and  of  zocecia  slighthj  larger  than  the 
average.  Lunarium  more  or  less  developed.  Zocecicd  tubes  never  angular,  thin-uxdlcd,  and 
with  horizontal  dicqdiragrns ; apertures  closed  bg  peif orated  operculum.  Intei'spaces  occupied 
btj  vesicular  tissue.  Cell  uxdls  minutely  porous.  Silurian  to  Permian ; climax  in 
Devonian. 

'Waagen  and  Wentzel  have  recently  referred  this  family  to  the  Corals  (cf.  ante,  p.  105),  but 
their  reasons  for  doing  so  rest  obviously  upon  insufficient  observation.  Xot  only  are  the 
members  of  this  family  derived  from  the  Ceramoporidac,  as  noted  above,  which  are  undoubted 
Bryozoaus,  but  some  of  them  possess  ovicells,  thus  abundantly  proving  their  Bryozoan  nature. 


Fistxdipora,  M‘Coy  {Lichencdia,  Thallostigma,  Hall;  Didymopora,  L'lrich ; Dybow- 
skiella,  IVaag.  and  "W.),  (Fig.  442).  Zoaria  massive,  lamellate,  more  rarely  ramose 
parasitic,  or  free  ; under  surface  with  wrinkled  epitheca. 

Zooecia  sub-radiallv  arranged  about  the  surface  maculae  ; 
apertures  ovoid,  sub-triangular,  or  pyriform,  according 
to  the  degree  in  which  the  lunarium  is  developed  ; 
interiorly  with  thin  walls,  and  a small  number  of  com- 
plete horizontal  diaphragms.  Interspaces  smooth  or 
granular,  occupied  internally  by  one  or  more  series  of 
vesicles.  Common  from  Silurian  to  Sub-Carboniferous  ; 
less  frequent  in  Coal  Measures 
and  Permian. 

Cydotrypa,  Ulrich  (n.  gen. 
or  sub-gen.),  (Fig.  443).  Like 
Fistulipora,  but  the  lunarium 
obsolete,  and  zocecial  tubes 
circular  in  transverse  section. 

Devonian.  Fist,  communis  and 
F.  collina,  Ulrich. 

Eridopora,  Ulrich  (Pileotrypa, 

Hall).  Zoaria  thin,  parasitic.  Hamiltoii  ; Xew  Buffalo,  Iowa. 

rj  ■ 1 Tangential  section,  14 1. 

Zocecia  with  oblique,  sub- 

triangular,  or  ovoid  apertures.  Lunarium  very  prominent. 

Chilotrypu,  L^lrich  {Coelocaulis,  Hall).  Zoaria  small 
irregularly  contracting  and  expanding  axial  tube.  Apertures  elliptical,  oblicpie,  the 
lower  margin  thick  and  elevated,  the  wall  thin  above.  Diaphragms  few  or  absent. 


Fig.  442. 

FistnUpom  n.<tricrf^ 


rir. 


Fig.  443. 

Cydotrypa  com  m « n is,  Ulr. 
Hamilton  ; New  Buft'alo,  Iowa. 
Vertical  and  tangential  sections, 
I4'i  (after  Ulrich). 

Xiagara  to  Coal  Measures, 
ramose,  with  a narrow. 
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Interstitial  vesicles  filled  by  a dense  calcareous  deposit  near  the  surface.  Silurian  and 
Sub-Carboniferous. 

Mecliopora,  Ulrich  (Fig.  444).  Zoaria  bifoliate,  sometimes  branching,  the  median 
laminae  tliin,  flexuous.  Oblique  apertures  all  directed  toward  the  distal  margin  of 


Fio.  444. 

Mcelcopora  eximiff,  Ulr.  Chester  Group;  Monroe  Co.,  111.  .,4,  Specimen 

from  the  si«le  and  ed^c,  B,  Surlace  of  same,  "/j.  C,  Portion  showing 
ovicell,  (after  UlriclO- 


Fio.  445. 

Strotopnm  foreohitn,  Ulr. 
Keokuk  Grouj);  Ikmtons- 
port,  Iowa.  Part  of  ex- 
pansion, -V4i  surface  of 
same,  ”/i,  sliowing  zocecial 
apertures  and  broken  ovi- 
cells  (after  Ulrich). 


the  zoariuni  or  branch.  Lunarium  moderate  or  obsolete  ; diaphragms  numerous  and 
often  recurved.  Ovicell  rather  large,  showing  at  the  surface  as  a convex  space  with  a 

small  apical  opening.  Sub-Carboniferous. 

Siwtopora,  Ulrich  (Fig.  445).  Zoaria  ramose,  with 
irregular  branches.  Laige,  abruptly  spreading  cells  (re- 
garded as  broken  ovicells),  distributed  among  the  zocecia  on 
ordinary  specimens  ; when  perfectly  preserved  they  appear 
as  strongly  convex  elevations  with  a small  opening  on  one 
side.  Devonian  and  Sub-Carboniferous. 

Lichcnotnj2>i(,  Ulrich.  First  stages  like  FistuHjinra,  after 
which  large  spines  and  irregular  thin  walls  are  thrown  up 
about  the  apertures.  Devonian. 

Buskopnru,  Ulrich  (Odonfotrypa,  Glosaotnjpa,  Hall),  (Fig. 
44G).  Like  Fidulijiora,  but  lunarium  remarkably  developed, 
projecting  as  a strong,  bidenticulate  process  nearly  half 
across  the  aperture.  Devonian. 

Seknopmra,  Hall  {Fnvicellu,  Hall).  Zoaria  laminar,  en- 
crusting. Interzocecial  spaces  occupied  by  two  series  of 
small  vesicles,  separated  by  strongly  elevated  walls.  These 
bound  the  hexagonal  sjiaces  in  which  the  zocccial  apertures  are  situated.  Lunarium 
obsolete.  Devonian. 

Pinacotrijpa,  Ulrich  ; (?)  BofnjUoiwra,  Nicholson.  Devonian. 


Buskopo  ro  devtata,  Ulr. 
Iliimiltun  ; Falls  of  tlie  Ohio. 
Portions  of  surface,  “/i  an«l  G 'j 
(after  Ulrich). 


Family  1 1.  Ceidae.  d’Orbigny. 

Zoaria  ramme,  bifoliate,  or  aiii-lainellate.  Zooecia  tahalar,  sub-equal,  their  irulls  thin  at 
first,  but  thirlccniiai  gradualhj  tomird  the  periphery,  where  the  cavity  suddenly  dilates  in 
such  manner  that  the  rounded  or  elliqitical  apeiiure  lies  at  the  bottom  of  an  hemyonal 
depression.  Interstitial  cells  wantiny.  Cretaceous. 

The  systematic  jMsition  of  this  family  is  highly  j>rol)lematical.  It  ai)pears  to  have  certain 
atlinities  “with  the  Tn'postoniata,  but  it.s  removal  to  that  vicinity  is  hardly  feasible  until  a 
thorough  comparison  of  Palaeozoic  and  Jlesozoic  Bryozoans  shall  have  been  made. 

Semicea,  d'Orb.  ilteptocea,  d'Orb.,  p.]).)  ; Discocen,  Pergens. 

Cea,  d’Orb.  Zoaria  forming  flattened  branches  or  broad  lamellae,  celliferous  on 
both  sides. 
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Filicea,  d’Orb.  {Laterocea,  d’Orb.),  (Fig.  447).  Zoaria  erect,  with  sub-cylindrical 
branches  bearing  apertures  on  all  sides. 


Fig.  447. 

Filicea  velota^  Hagw.  sp.  Upper  Cretaceous  ; Maestricht,  Holland.  A,  Branch,  Vi-  A Surface  of  same 
enlarged.  C,  Vertical  section  (alter  d’Orbigny). 


Family  1 2.  Melicerititidae. 

Zoaria  ramose,  bifoliate,  or  uni-lamellate.  Zocecial  tubes  dilating  outwardly,  with 
perforated  walls.  Front  of  zooecia 
partly  covered  by  a perforated  plate. 

Vicarious  avicularia  scattered  among 
the  zooecia.  Cretaceous. 

The  members  of  this  family  differ 
widely  from  the  true  Cyclostomata. 

They  may  be  Mesozoic  representatives 
of  the  Palaeozoic  Cryptostomata,  some 
of  which,  particularly  Proutella,  they 
greatly  resemble.  But,  on  the  other 
hand,  the  presence  of  avicularia,  which 
are  as  yet  entirely  unknown  among 
Palaeozoic  Bryozoans,  perhaps  in- 
dicates even  stronger  affinities  with  J»r«  columnffera,  Busk.  Recent.  (C,  6»/i.) 
the  Chilostomata. 

Semielect,  d’Orb.  {Beptelea,  etc.,  d’Orb.)  ; Retelea,  Clausimidtelea,  d’Orb. 

Elea,  d’Orb.  Flattened,  branching,  or  anastomosing  stems,  or  broad  leaves,  pori- 
ferous on  both  sides. 

Meliceritites,  Roemer  (Escharites,  Roem.  ; Inversaria,  Hagw'.  ; Nodelea,  Multeleu, 
d’Orb.)  Cylindrical  branching  stems,  poriferous  on  all  sides. 


Structure  of  walls  and  parenchymal  cord  in  Honiotrypa  ccdlosn, 
Ulr.  (A,  ^5/i);  Stictopordla  frondifera,  Ulr.  (B,  35/,);  and  Betc- 


Sub-Order  B.  TREPOSTOMATA.  Ulrich.i 

Zooecia  directly  superimposed  upon  one  another  so  as  to  form  long  tubes  intersected  by 
straight  or  curved  partitions  {diaphracjms  and  cystiphragms),  representing  the  covers  and 

^ [Two  regions  of  the  zooecial  tubes  are  distinguishaVde,  an  axial  or  “ immature  ” region,  in  which 
the  diaphragms  are  remote,  the  walls  thin,  and  the  tubes  pri,smatic  through  contact  ; and  a peri- 
pheral or  “mature  ’’  region,  in  which  the  tube.s  bend  outward,  the  walls  are  thickened  and  otherwise 
modified,  the  transverse  partitions  more  abundant,  and  interzocecial  elements  (acanthopores,  meso- 
pores,  or  mere  strengthening  tissue)  are  developed. 

Waagen  and  Wentzel  and  others  erroneously  assert  that  the  mesopores  and  acanthopores,  occur- 
ring so  commonly  in  this  sub-order,  are  young  zocecia  or  “ corallites.”  With  very  few  exceptions, 
these  really  very  different  elements  are  not  develojied  until  the  zoarium  has  reached  the  mature 
stage,  in  which  new  zooecia  cease  to  be  given  off  The  origin  of  mesopores  [i.e.  all  cells  occupying 
interzocecial  spaces,  whether  invested  with  separate  walls  or  not)  is  due  to  the  same  necessity  wdiich 
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,ffoors  of  successive  layers.  Zocecial  covers  with  a small,  usually  sub-central  orifice.  Mon- 
ticules or  maculae  {containing  cells  differing  from  the  average  in  size,  or  in  having  their 
apertures  elevated)  regularly  distributed  over  the  surface. 


Family  1.  Monticuliporidae.  Xicliolson  (emend.  Ulricli). 

Zoaiia  rnussiie,  discoid,  or  lamellar,  ramose  or  bifoliate.  Zocecial  apertures  pcolygonal, 
rounded,  or  irregularly  petaloid.  Mesoporcs  occasionally  wanting,  in  other  cases  numerous, 

angular,  and  crossed  by  crowded  dia- 
phragms. Acautliopores  abundant, 
usually  small.  Cystiphragms  edways 
present  in  the  mature  region.  Ordo- 
vician to  (t)  Devonian. 

Thu  incom]ilete,  curved,  transverse 
partition.s,  termed  cystipliragnis  by 
Ulricli,  are  the  principal  jieculiarity  of 
this  family.  It  is  jio.ssible  that  they 
represent  ovicells,  but  tlieir  siguiticance 
can  only  be  conjectured. 

Monticulipora,  d’Orb.  (Fig.  449). 
Zoaria  massive,  lobate,  or  lamellate, 
encrusting  or  free.  Surface  with 
monticules  or  plain.  Zomcia  poly- 
gonal, mostly  thin-walled.  iMesopores  very  few  or  absent.  Acanthojoores  more  or 
less  numerous,  small.  Ordovician,  (f)  Devonian. 

Atuctoporelln,  Ulrich  (Fig.  450).  Zoaria  generally  encrusting,  rarely  lobate  or 
sub-ramose.  Zocecia  with  very  thin  inflated  walls,  the  ajiertures  irregularly  petaloid. 


Fk;.  440. 

MoiitieHlipow  nrhoirii,  Ulr.  Trenton ; Minnesota, 
tical  (.1)  and  tangential  (/;)  sections,  (after  Ulrich). 


Ver- 


Fig.  4.a0. 

Al'irtoprireUi'  li/pirclh,  Ulr.  Black  River  Group;  Jlinnesota.  .Surface  (.4),  tangential  (ZJ),  and  vertical  (U) 
section.s,  (after  Ulrich). 


(Mesopores  numerous,  fre(|uently  isolating  the  zomcia,  largely  filled  by  a secondary 
deposit.  Ordovician. 

Peronninyra,  Nich.  (emend.  Ulrich).  Similar  to  the  preceding,  but  zoaria  bifoliate, 
and  zocecial  tvalls  thicker,  not  inflected  liy  the  acautliopores,  and  more  ring-like  in 
transverse  section.  Ordovician. 


lead.s  to  the  di.stal  thickening  of  tlie  zomcial  tube.s.  namely,  that  of  filling  uj)  space.s  occasioned  by 
the  growth  of  tubes  at  the  periphery,  and  by  the  change  in  direction  of  the  tubes. 

Some  of  the  tubes  provi.sionally  included  under  the  term  mesopores,  like  some  of  the  acantho- 
jiores,  were  donbtle.ss  occuihed  by  specially  modified  ))olypides,  which  probably  find  their 
homologues  in  the  avicularia  and  vibracula  of  recent  Chilostomatu.  But  many  of  the  mesopores 
which  are  not  invested  by  sej)arate  walls  are  to  be  regarded  as  mere  interspaces  between  the 
zocecial  tubes,  and  the  jiurpose  of  their  transverse  partitions  is  to  support  the  walls  of  the  latter, 
as  well  as  to  assist  intercommunication  by  means  of  the  zoarial  parenchymal  cord.] 
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ifomoir|/pa, Ulrich  (Fig.  451).  Generally  ramose,  sometimes  frondescent.  Zooccial 
tubes  with  very  thin  and  finely  crenulated  walls,  and  remote  diaphragms  in  the 

A B C n 


Fig.  451. 

Homotrypa  subramosa,  Ulr.  Trenton ; Minnesota.  A,  Surface.  B,  D,  Tangential  sections.  C,  Vertical 
section,  n/i. 


axial  region.  Cystiphragms,  isolated  or  in  series,  developed  in  peripheral  region  only. 
Apertures  polygonal  or  sub-circular.  Mesopores  usually  few  and  in  clusters.  Acan- 
thopores  generally  present.  Ordovician. 

Prasopora,  Nich.  and  Eth.  (Fig.  452).  Zoarium  usually  free  in  adult  stage,  with 
wrinkled  epitheca  on  lower  surface.  Zooecial  tubes  prismatic  or  cylindrical,  thin- 


A B 


Fio.  452. 

Prasopora  simulatrix,  Ulr.  Trenton  ; 
Kentucky.  .-1,  Transverse,  and  B,  Ver- 
tical section,  i-i/i  (after  Ulrich). 


^fesotrypa  infida,  Ulr.  Black  River  Grouj) ; Minnesota.  ^4,  Trans- 
verse section.  B,  C,  Vertical  sections,  (after  Ulrich). 


walled,  separated  from  one  another  by  smaller  angular  mesopores,  and  containing 
cystijfiiragms.  Acanthopores  usually  present.  Ordovician. 

Mesotrypa,  Ulrich  ; Ordovician.  Aspidopora,  Ulrich  ; Ordovician  and  Silurian. 


Family  2.  Heterotrypidae.  Ulrich. 

Zoaria  frondescent,  ramose,  or  jiarasitic.  Zooscia  polygonal,  with  moderately  thin  ^L•aUs. 
Acanthopores  present,  sometimes  of  large  size.  Diaphragms  numerous,  horizontal.  Cysti- 
phragms iL'cmting.  Ordovician. 

Dekayella,  Ulrich  (Fig.  454).  Ramose,  branches  sometimes  compressed.  Meso2)ores 
more  or  less  numerously  distributed  among  the  zocecia.  Acantho^fores  of  two  sizes, 
the  smaller  ones  the  more  abundant,  and  present  only  in  the  iieri^dieral  region. 

Dekayia,  Ed.  and  H.  (Fig.  455).  Distinguished  from  Dekayella  by  the  absence  of  the 
smaller  set  of  acanthopores,  and  lesser  number  of  mesopores  and  diajihragms. 

Heterotrypa,  Nich.  (Fig.  185).  Zoarium  always  frondescent,  and  acanthopores  of 
small  size  only  ; otherwise  like  Dekayella.  Abundant  in  Cincinnati  Group. 

VOL.  I 
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Pefigopora,  Ulricli.  Small  parasitic  species  liaviiig  strong  acantliopores  but  no 
mesopores,  and  only  a few  cliapbragins. 


Dckfnjelln  ohscurn,  Ulr.  Cincinnati,  Ohio.  Tangential 
ami  vertical  sections,  o/i  (after  Ulrich). 


Fig.  4.55. 

Iklcayia  aspcra,  Edvv. 
and  H.  Cincinnati,  O. 
Tangential  section,  o/i. 


Family  3.  Calloporidae.  Ulricli. 

Zoaria  ramose,  sub-frondescenf,  massive,  or  discouhd.  ZoKcial  apertures  rjeyieralhj  suh- 
circular  and  separated  more  or  less  cornpletelij  by  angular  mesopores ; at  other  times  j)ohj- 

r T> 


Fig.  451). 


A,  B,  Colloporo  elcgcinlida,  Hall.  Niagara;  Indiana.  Vertical  and  tangential  sections,  l4/j.  c,  D,  C.  multi- 
tabidnbi,  Ulr.  Trenton  ; Minnesota.  C,  Vertical  section,  ~h.  D,  Surface  having  zooecia  open  ('/i),  and  preserv- 
ing zooecial  covers  (O/p. 

gonal,  when  the  mesopmes  are  few  or  vxintmg.  Zooecial  tubes  thin-walled,  attaining  their 
full  size  slowly.  Acanthoporcs  wanting.  Ordovician  to  Devonian. 


In  this  family  the  pi'o.xinial  ends  of  the  tubes  arising  in  the  axial  or  “immature”  region 
have  the  character  of  mesopores.  The  diaphragms  are  rather  closely  arranged  in  the  tapering 


D/plotri/pn  11  r.?fo/(),  Ulr.  Cincinnati  Group  ; Manitoba.  Illinois.  Transverse  and  I'ertical  sections, 
Tangential  and  vertical  sections,  irp  (after  Ulrich).  (after  Ulrich). 

proximal  end,  then  few  or  wanting  for  a considerable  distance,  and  finally  become  crowded  in 
the  peripheral  or  mature  region. 
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Callopora,  Hall  (emend.  Ulrich),  (Fig.  456).  Zoaria  usually  ramose  and  bushy,  the 
branches  often  anastomosing.  Apertures  closed  in  the  perfect  state  by  perforated, 
often  ornamented,  covers,  which  are  left  behind,  as  growth  proceeds,  to  form  floors 
(diapihragms)  of  succeeding  layers.  Zocecial  tubes  of  two  sizes  in  the  axial  region,  the 
larger  ones  with  six  to  eight  sides,  the  smaller  set  four-  or  five-sided.  Ordovician  and 
Silurian. 

DiplotryjM,  Nich.  emend.  Ulrich  (Dianulites,  Zittel  non  Dybowski),  (Fig.  45  7). 
Zoaria  discoid,  globular,  or  irregularly  massive,  generally  free.  Zomcial  tubes  com- 
paratively large,  prismatic,  with  horizontal  diaphragms.  Mesopores  few  to  numerous, 
varying  in  size.  Ordovician. 

Monotrypa,  Nich.  (Dianulites,  Dyb.  p.p.  ; Ptychonema,  Hall),  (Fig.  458).  Dis- 
tinguished from  the  preceding  by  the  absence  of  mesopores  and  fewer  diaphragms. 
Ordovician  to  Devonian. 


Family  4.  Trematoporidae.  Ulrich. 

Zoaria  ramose  or  encrusting.  Zocecial  tubes  irregular  in  the  axial  region,  their 
proximal  ends  with  diaphragms,  and  usually  constricted  ivhcre  the  latter  occur ; walls 

A B 


Fig.  450. 

Tangential  sections  of  Batostoma  from  the  Lower  Trenton  of  Minnesota.  .4,  B.  fertile,  Ulr.,  14^'^.  B,  Same, 
var.  circulare,  14/^.  C,  B.  JVirichelli,  var.  spinulosum,  Ulr.,  38/^  (after  Ulrich). 


thickened  m the  mature  region,  lines  of  contact  distinct.  Mesopores  generally  abundant, 
usually  of  large  size,  their  apertures 
closed.  Acanthopores  more  or  less 
abundant.  Ordovician. 

This  family  is  principally  distinguished 
from  the  Galloporidae  by  the  presence  of 
acanthopores  and  closed  mesopores. 

Batostoma,  Ulrich  (Fig.  459). 

Branches  irregular,  springing  from  a 
large  basal  expansion.  Zocecial  walls 
of  varying  thickness,  in  contact  only 
at  limited  points,  and  of  two  sizes  in 
the  axial  region.  Diaphragms  strong, 
horizontal,  complete.  Species  numer- 
ous  and  mostly  very  abundant. 

Hemiphragma,  Ulrich  (Fig.  460).  Like  Batostoma,  but  diaphragms  in  peripheral 
part  of  tubes  incomplete. 

Trematojjora,  Hall  (emend.  Ulrich)  ; Stromatotrypa,  Ulrich. 
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Family  5.  Constellariidae.  Ulrich. 

Zoaria  ramose,  frondescent,  laminar,  or  encrusting.  Zocecicd  tubes  thin-walled  ayid 
prismatic  in  the  axial  region,  thicker  and  sub-cglindrical  in  the  j'^ripheral ; apertures 
rounded,  the  pieristomes  slightbj  derated.  Mesopores  angular,  abundant,  generallij  isolating 
the  zooxia,  at  intervals  gathered  into  usually  stellate  dusteis ; closed  at  the  surface,  the 
closure  xrith  numerous  perforations.  True  acanthopores  wanting,  but  small  hollow  spines 
or  granules  often  very  abundant.  Diaphragms  straight  and  cotnplete  in  both  sets  of  tubes. 
Ordovician  and  Silurian. 

Constellaria,  Dana  (Fig.  461).  Zoaria  growing  erect  from  a basal  expansion  which 
is  attached  to  foreign  bodies.  Surface  with  dejiressed  stellate  maculae,  the  spaces 
between  the  rays  elevated  and  occupied  by  two  or  three  short  rows  or  clusters  of 


Constcllo.na  ,/fo/oV/a,  Ulr.  Cincinnati,  0.  Ay  Vertical  section.  P>,  Tangential,  showing  aged  condition. 
C,  Average  tangential  section,  all  I),  Branch  of  the  natural  size  (after  Ulrich). 


closely  ai)proximated  zocecial  apertures.  Mesoi>ores  aggregated  in  the  maculae,  inter- 
nally witli  gradually  crowding  diaphragms.  Ordovician. 

Stellyiora,  Hall  (non  Ilagw.  nec  llaime).  Differs  from  the  above  in  its  encrusting 
habit,  and  in  having  oidy  mesopores  in  interspaces  between  the  raised  zocncial  clusters. 
Ordovician. 

Nicholsondla,  Ulrich  (Fig.  462).  Laminar  expansions,  sometimes  giving  oH' 
flattened,  intertwining  branches  or  fronds.  Interzoiecial  spaces  wide,  and  with 


.1  n a 


Nichnhonell'i  pulchrn,  Ulr.  Lower  Trenton  ; Tennessee.  A,  Surface,  "/j.  JS,  Vertical  .section,  l-*/,.  C,  Tan- 
gential sections  at  dillcrent  levels,  i-*/,  (after  Ulrich). 


numerous  me.sopores,  which  have  thicker  and  more  numerous  diaj)hragms  than  the 
zotecial  tulies  ; tlie  spaces  become  filled  ujt  with  age  by  a calcareous  dejiosit,  rendering 
walls  of  mesopores  unrecognisable.  Ordovician. 

Idiotrypa,  Ulrich  ; (?)  Dittopora,  Dybowski.  Silurian. 
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Family  6.  Batostomellidae.  Ulrich. 


L®V-  -7^  ^ 


Fig.  403. 
Chester  Group ; 


Zoaria  usually  ramose,  occasionally  sub-lobate,  massive,  laminar,  or  xiarasitic,  often 
consisting  of  superimioosed  layers.  Zocecia  with  thick  walls  in  the  mahire  region,  usuaUg 
appearing  here  as  fused. 

Diaphragms  horizontal, 
those  in  peripheral  region 
until  central  perforation. 

Acunthopores  and  meso- 
piores  usually  present ; the 
latter  small,  often  inter- 
mittent. Ordovician  to 
Permian. 

Bythopora,  Miller 

and  Dyer.  Small 

branching  stems.  Aper- 
tures oblique,  attenuate 
above.  Interspaces 
canaliculate,  with  an  occasional  mesopore  or  none.  Ordovician. 

Callotrypa,  Hall ; Silurian.  Eridotrypa,  Ulrich  ; Ordovician  to  Devonian. 

,4  Batostomella,  Ulrich  {Geinit- 

zella,  W.  and  W.  ; Trematella, 
Hall),  (Fig.  463).  Slender 
branches,  without  monticules. 
Apertures  small,  circular,or  oval. 
Interspaces  rounded  or  canal- 
iculate, spinulose,  the  acantho- 
pores  small  and  usually  very 
numerous.  Mesopores  small, 
sub-circular.  Diaphragms  few. 
Devonian  to  Permian. 

Stenopora,  Lonsd.  (Fig.  464). 
Zoaria  ramose, sub-lobate, massi  ve. 


Batostomella  spinulosa,  Ulr.  Chester  Group;  Kentucky.  .1,  B,  Vertical 
sections,  one  with  and  the  other  without  diaphragms,  iPi-  O Tangential 
section,  1-*/].  D,  Surface,  ipi.  On  either  side  of  C are  branches  of  the  natural 
size  (after  Ulrich). 


Stenopora  americana,  Ulr.  Keokuk  Group ; Illinois.  Vertical 
(A)  and  tangential  (B)  sections  showing  moniliform  walls  and  per- 
forated diaphragms,  1-1/4  (after  Ulrich). 


laminar, 

thickened 


or  parasitic, 
in  the  mature 


ro 


D 


even  or  montiferoiis.  Zooccial  walls  periodically 
Large  acanthopores  at  many 
of  the  angles  between  the 
zocecia.  Mesopores  never 
very  numerous,  irregularly 
distributed.  Diaphragms 
sometimes  very  scarce,  but 
in  most  American  species 
abundant  in  the  peripheral 
region,  and  with  a large 
central  perforation.  Sub- 

Carboniferous  to  Coal 

Measures. 

Anisotryjia,  Ulrich. 

Divisional  line  between  ad- 
joining tubes  more  shaiply 
defined,  and  periodic  swellings  of  the  walls  much  less  distinct  than  in  Stenopora.  Acan- 
thopores and  mesojiores  absent  ; perforated  diaphragms  numerous.  Sub-Carboniferous. 

? Lioclema,  Ulrich  (Fig.  465).  Ordovician  to  Sub-Carboniferous. 


Lioclema  foliata,  Ulr. 

-i/i.  B,  Tangential  section,  -i/i- 
(alter  Ulrich). 


Fig.  465. 
Keokuk  Group 


Illinois.  Ay  Vertical  section, 
C,  Portion  of  wall  and  acantliopore, 
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Family  7.  Amplexoporidae.  Ulrich. 

Zoaria  ramose,  encrusting,  discoidal,  or  massive,  rarely  bifoliate.  Zocecial  tubes  com- 
paratively sinrple,  pjrismatic,  ivith  a tvell-marlzed  divisional  line  between  adjoining  tubes. 
Mesoiiores  practically  absent,  but  small  abortive  cells  sometimes  found  among  the  large 
zocecia  forming  the  monticules.  Acanthopores  generally  abundant,  sometimes  wanting. 
Ordovician  to  Devonian. 


Ampilexopiora,  Ulrich.  Zoaria  ramose. 


Acanthopores  always  present,  varying 
in  size  and  number.  Diaphragms 
complete,  horizontal.  Ordovician  to 
Devonian. 

Monotrypella,  Ulrich.  Like  the 
above,  but  without  acanthopores.  Ordo- 
vician to  Devonian. 

Petalotrypja,Le.ptotrypa,  and  Discotrypa, 
Ulrich.  Ordovician  to  Devonian. 

Atactopora,  L^lrich  (Fig.  466).  Zoaria 
thin,  growing  on  Orthoceras.  Zocecial 
apertures  indented  or  lloriform,  accord- 
ing to  position  of  the  very  numerous  acanthopores.  Rather  large,  solid  elevations, 
composed  of  abortive  cells,  and  completely  filled  by  calcareous  deposit,  stud  the  surface 
at  regular  intervals.  Diaphragms  thin,  few,  sometimes  wanting.  Ordovician. 


Fig.  460. 

Atactopora  maculata,  Ulr.  Cincinnati,  O.  Transverse 
and  vertical  sections,  showing  greater  part  of  a 

solid  macula  (after  Ulrich). 


Sub-Order  C.  CRYPTOSTOMATA.  Vine. 

I’rirnitive  Koocciurn  short,  2>yriforni  to  oblong,  ejuadrate,  or  hexagonal,  sometimes  tubular, 
the  aperture  anterior.  In  the  mature  colony  the  aperture  is  concealed,  occurring  at  the 
bottom  of  a tubular  shaft  {“vestibule”),  ivhich  may  be  intersected  by  straight  diapihragms  or 
hemisepta,  owing  to  the  direct  superimposition  of  layers  of  p>olypndes.  Vestibular  shaft 
surrounded  by  vesicular  tissue,  or  by  a solid  calcareous  deposit;  the  external  orifice  rounded. 
Marstqna  and  avicularia  wanting. 

The  Cryptostomata  differ  from  tlie  T rcposlomala  chiefly  in  that  the  “immature  region” 
',primitive  cell)  is  usually  much  sliorter,  and  the  ]iassage  to  the  mature  region  more  abrupt. 

.Some  of  the  Cnjptustornata  are  ramose,  and  have  long,  thin-walled  pri.smatic  tubes  in  the 
axial  region,  witli  or  without  diaphragms,  precisely  as  in  the  ramo.se  Trepostomata  and  Cyclo- 
stomata  ; but  they  are  distinguished  from  the  latter  by  the  presence  of  hemisepta,  similar  to 
those  occurring  in  the  vestibule  of  Escharopora  and  Phacnopora , two  of  the  most  typical  genera 
of  the  Cryptostomata.  That  these  axial  tubes  are  not  of  primary  importance  is  shown  by  such 
genera  as  Codoconus,  Phombopora,  etc.,  in  whose  axial  tubes  a second  layer  of  zocecia  lias 
grown  over  the  first.  This  is  a rare  condition,  and  is  probably  to  be  attributed  to  an  accidental 
interruption  of  growth.  But,  where  observable,  it  is  to  be  noticed  that  the  inner  extremities 
of  the  zocecia  of  the  second  layer  are  not  drawn  out  into  tubes  like  those  of  the  primary  set, 
but  are  short,  and  in  all  essential  respects  like  those  of  Escharopora.^ 

The  Cryptostomata  are  probaldy  nothing  more  than  Palaeozoic  Chilostomata,  differing, 
however,  from  the  typical  members  of  the  latter  (1)  in  having  neither  marsupia  nor  avicularia  ; 
(2)  in  the  much  greater  deposit  of  calcareous  matter  upon  the  front  of  the  zocecia,  thus 
jiroducing  the  vestibule  ; (3)  in  that  successive  layers  of  polypides  are  often  developed,  one 
directly  over  the  other,  in  a continuous  tube  ; and  (4)  in  that  whenever  a zoarium  attains  an 
uninterrupted  width  of  more  than  8 mm.,  it  exhibits  clusters  of  cells  differing  more  or  less, 
either  in  size  or  elevation,  from  the  average  zocecia.  The  last  two  distinctions  are  suggestive 
of  the  Trepostomata  ; and  the  presence  of  a vestibule  reminds  us  of  certain  Mesozoic  and  recent 


^ [The  almost  universal  practice  has  been  to  accept  the  presence  of  tubular  zocecia  as  fully 
demonstrating  tbe  Cyclo-stomatous  affinities  of  the  species  j)roduciug  them.  Recent  investigations, 
however,  show  that  the  mere  form  of  the  zoceciuin  cannot  T)e  relied  upon  as  a subordinal  character 
any  more  than  is  the  iiresence  of  tabulae  in  a tubular  organism  a certain  indication  of  an 
Authozoan.] 
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Chilostomata,  which  have  the  same  tubular  prolongation  of  tlie  aperture.  Thus,  the  recent 
Adeonclla  atlanlica,  Busk,  has  not  only  a vestibule,  but  hemisepta  as  well.  Heinisepta  are 
never  found  in  the  Cydostomata  and  Trepostomata,  but  are  a very  common  feature  of  the 
Cryptostomata.  They  occur  at  the  bottom  of  the  vestibule,  and  doubtless  served  as  supports 
for  the  movable  operculum. 

Family  1.  Ptilodictyonidae.  Ulrich. 

Zoaria  bifoliate,  comiiosed  of  two  layers  of  zocecia  grown  together  hack  to  back,  con- 
tinuous or  jointed,  and  forming  leaf-like  expansions,  or  compressed,  branching,  or  inosculating 
stems.  Mesial  plates  u'ithout  median  tubuli ; hcmisep>ta  usiudhj  present.  Inner  orifice 
generally  semlelliptical,  the  outer  more  rounded,  usucdly  ovate,  and  surrounded  by  either  a 
sloping  area  or  a ring-like  peristome.  Vestibules  separeded  by  thick  wcdls.  Ordovician  to 
Sub-Carboniferous. 

Ptilodictya,  Lonsd.  {Heterodictya,  Nidi.)  Zoaria  simple,  unbrauched,  lanceolate, 
or  falciform,  with  a small  basal  expansion.  In  the  young  condition  the  zoarium 
consists  of  longitudinally  arranged,  narrow,  oblong-quadrate  zooecia,  new  zocecia,  of 
different  width  and  arrangement,  being  added  subsequently  on  each  side.  In  the 
vestibular  or  outer  region  the  walls  are  more  or  less  thickened,  solid,  and  with  a 
double  row  of  exceedingly  minute  dots.  Ordovician  to  Devonian. 

Escharopora,  Hall  {Nicholsonia,  Waag.  and  Wentz).  Distinguished  from  the  last 
chiefly  by  the  arrangement  of  the  zocecial  apertures,  which  are  in  diagonally  inter- 
secting series,  and  by  the  hexagonal  sloping  area  which  surrounds  the  external  orifice. 
Ordovician. 

Ckdhropora,  Hall.  Zoaria  composed  of  anastomosing  branches  forming  a regular 
network  with  round  fenestrules,  terminating  below  in  a pointed,  articulating  base. 
Zooecial  apertures  usrrally  sub  - cpiadrate,  arranged  longitudinally.  Ordovician  to 
Devonian. 

Phaenopora,  Hall.  Zoaria  as  in  Ptilodictya,  except  that  there  are  two  mesopores 
in  each  interspace  between  the  ends  of  the  zocecial  aperture.s.  Ordovician  and 
Silurian. 

Arthropora,  Ulrich.  Zoaria  bushy,  spreading  in  a plane,  composed  of  numeroirs 
equal  segments.  Zooecial  apertures  elliptical,  surrounded  by  a delicate  peristome. 
Interspaces  with  one  or  more  threadlike  ridges,  variously  disposed,  and  with  a row 
of  minute  papillae.  Ordovician. 

Graptodictya,  Ptilotrypa,  Ulrich  ; Ordovician.  Taeniodictya,  Ulrich  ; Devonian 
and  Sub-Carboniferous. 

Stictotrypa,  Ulrich.  Branches  not  jointed  at  the  base.  Zooecial  apertures 
circular  or  elliptical,  with  a distinct,  evenly  elevated  peristome.  Ordovician  and 
Silurian. 

Stictoporella,  Ulrich.  Zoaria  variously  formed,  with  elliptical  apertures  placed  at 
the  bottom  of  a sloping  area.  Thick-walled,  untabulated  mesopores  occur  between 
the  zooecial  apertures  and  line  the  zoarial  margins.  Ordovician  to  Sub-Carboniferous. 

Intrapora,  Coscinella,  Hall.  Devonian. 

Family  2.  Rhinidictyonidae.  Ulrich. 

Zoaria  bifoliate,  contimious  or  jointed,  forming  compressed  branches  or  leaf-like  expan- 
sions; occasionally  trifoliede.  Primitive  cells  sub-quadrede,  arranged  longitudinally.  Both 
primitive  and  superficied  apertures  ellipticcd  or  sub-circular,  sometimes  a little  trunceded 
posteriorly.  Inferior  hemiseptum  and  lunariuin  wanting.  Median  tubuli  qmesent  between 
the  median  laminae,  and  between  the  longitudincd  ro^vs  of  zooecial  tubes.  Mesop>ores  absent, 
but  vesicular  tissue  often  present.  Chiefly  Ordovician. 

Ehinidictya,  Ulrich  {Stictopora,  Ulrich  non  Hall).  Zoaria  composed  of  narrow. 
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comjiressed,  dichotomously  dividing,  straight-edged  branches,  attached  to  foreign  bodies 
by  a continuous  expanded  base.  Ordovician  and  Silurian. 

Eurydictya,  Dicranopom,  Goniotrypa,  Ulrich.  Ordovician. 

Euspilopora,  Ulrich.  Small,  irregularly  divided  branches,  with  serrated  or  wavy 
edges.  Devonian. 

1‘hyllodictya,  Ulrich.  Zocecial  tubes  long,  with  complete  diaphragms,  but  no 
hemisepta.  Ordovician. 

Eachydictya,  Triyonodictya,  Uh’ich.  Ordovician  and  Silurian. 

Family  3.  Cystodictyonidae.  Ulrich. 

Zoaria  consisting  of  tv:o  or  three  layers  of  cells  grovn  together  had;  to  had;,  forming 
hranching,  perforated,  or  entire  leaf-lihe  erixmsions,  or  triangular  branches.  Primitive 
cells  serni-cordate  or  ohovate-acurninate  in  outline,  arranged  longitudinally.  Primitive 
aperture  suh-circular,  but  becoming  dran-n  out  into  a tubular  vestibule  as  groieth  proceeds. 
Superficial  ap>erture  mth  peristome,  and  more  or  less  well-developed  lunarium.  Interzoaxial 
spaces  occupied  by  vesicidar  tissue,  often  filled  with  a calcareous  deposit  near  the  surface. 
Silurian  to  Carboniferous. 

Cystodictya,  Ulrich.  Zoaria  ramose,  liranches  sharply  elliptical,  with  sub-parallel, 
non-poriferoLis  margins.  Interapertural  spaces  finely  striated,  granulose  or  smooth  ; 
}(its  and  cells  showing  only  in  a worn  condition.  Silurian  to  Carboniferous. 

Coscinium,  Keyser  {Coscinotrypa,  Hallj  ; Didiotrypa,  Ulrich.  Silurian  to  Car- 
boniferous. 

Taeniopora,  Nich.  Distingui.shed  from  Cystodictya  by  having  a longitudinal  ridge 
or  keel,  which  divides  each  face  into  two  equal  parts.  Devonian. 

Prismopora,  Scalaripora,  Hall.  Devonian. 

Evactmopora,  Meek  and  Worth.  Zoaria  free,  consisting  of  four  or  more  vertical 
leaves  arranged  in  a stellate  or  cruciform  fashion.  Sub-Carboniferous. 

Glyptopeira,  Ulrich.  Zoaria  consisting  of  thin  expansions  traversed  on  both  surfaces 
by  salient  ridges,  or  of  uni-laminate  liases  on  which  the  coalescing  ridges  of  the  ujiper 
surface  are  greatly  developed  and  form  large  leaves.  The.se  ridges  or  leaves  are 
conqiosed  of  two  layers  of  cells  growing  in  opposite  directions  from  a mesial  lamina. 
Upper  surface  with  solid  maculae  or  “dimples.”  Sub-Carboniferou.s. 

Phinop)ora,  Hall.  Zoaria  forming  large  undulating  exjiansions,  the  free  margins 
thickened  or  sharp  and  non-poriferous.  Surface  without  maculae  or  monticules,  but 
exhibiting  thread-like  bifurcating  ridges,  which  apjiear  as  shallow  grooves  when  the 
surface  is  worn.  Large  median  tubuli  between  the  mesial  laminae.  Silurian. 


Family  4.  Arthrostylidae.  Ulrich. 

Zoaria  articulated , consisting  of  numerous  sub-cylindrical  segments  united  into  smedl 
ptinnate  or  bushy  colonies,  or  ejf  continuous,  dichotomously  divided  branches.  Zocecia  sub- 
tubular,  more  or  less  oblirpte,  radially  arranged,  edjoui  a central  axis,  and  opiening  on  all 
sides  of  the  segments;  or  one  side  may  be  nem-celluliferous  and  longitudincdly  striated. 
Ordovician  and  Silurian. 

Arthrostylus,  Ulrich.  Zoaria  bushy,  dichotomously  branching,  the  whole  consi.sting 
of  numerous  exceedingly  slender,  equal,  sub-(piadrate  segments,  united  by  terminal 
articulation.  Zooccia  usuall}-  arranged  in  three  rows  between  longitudinal  ridges  ; the 
fourth  face  with  longitudinal  striae  only.  Ordovician. 

Helopora,  Hall.  Like  the  preceding,  but  the  segments  are  larger,  and  have 
zocecial  apertures  on  all  sides.  Ordovician  and  Silurian. 
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SceptrojMra,  Ulricli.  Segments  short,  greatly  expanded  above,  celluliferons  all 
around.  Ordovician  and  Silurian. 

Artkroclema,  Bill.  Segments  sub-cylindrical,  celluliferons  on  all  sides,  arranged 
pinnately.  Articulation  both  terminal  and  lateral.  Ordovician. 

Nematopora,  Ulrich.  Zoaria  very  slemler,  ramose,  continuous  above  the  j^ointed 
basal  extremity.  Zooecia  sub-tubular,  arranged  radially  about  one  or  two  minute  axial 
tubes.  Ordovician  and  Silurian. 

Family  5.  Rhabdomesodontidae.  Vine. 

Zoaria  ramose  or  simple,  not  articulated,  sometimes  with  a large  or  small  axial  tube, 
and  generally  solid.  In  the  latter  case  the  axial  region  is  occupied  by  thin-walled,  primitive 
tubes,  with  or  ivithout  diaphragms.  Hemisepta  usually  p>resent,  hut  never  conspicuous. 
External  zooecial  apertures  oval  or  circular,  regularly  arranged,  and  usually  at  the  bottom 
of  a rhombic  or  hexagonal  sloping  area,  or  between  longitudinal  ridges.  Mesoporcs  absent. 
Silurian  to  Carboniferous. 

Rhombopora,  Meek  [Orthopora,  Hall).  Zoaria  slender,  ramose,  solid.  Zocecial  tubes 
with  the  outer  or  vestibular  region  thick-walled,  apertures  arranged  in  diagonal  or 
longitudinal  lines.  Strong  acanthopores  and  smaller  spines  generally  present.  Silurian 
to  Carboniferous. 

Bactropora,  Hall.  Zoaria  simple  or  only  slightly  branched,  the  lower  extremity 
pointed.  Sub-Carboniferous. 

Rhabdomeson,  Young.  Differs  from  Rhombopora  only  in  having  a slender  axial 
tube,  to  which  the  proximal  ends  of  the  zocecia  are  attached.  Carboniferous. 

Goeloconus,  Ulrich.  Zoaria  simple,  hollow,  expanding  gradually  from  the  striated 
base  ; substance  thin.  Primitive  portion  of  zocecia  short,  with  well-developed  hemi- 
septa. Sub-Carboniferous. 

1 Tropidopora,  Hall  ; Devonian.  (?)  Streblotrypa,  Ulrich ; Devonian  and  Sub- 
Carboniferous. 

Family  6.  Fenestellidae.  King. 

Zoaria  forming  reticulate  expansions,  celluliferous  on  one  side  only.  They  are  composed, 
of  rigid  branches  united  by  regular  non-poriferous  bars  (dissepiments) ; or  may  be  sinuous 
and  anastomose  ed  regular  intervals;  or  may  remain  free.  Zooecia  enclosed  in  a calcareous 
crust,  which  is  minutely  porous,  especially  on  the  non-celluliferous  side.  Primitive  portion 
of  zocecia,  oblong,  quadrcde,  or  hexagonal  in  outline.  Superior  hemiseptum  usucdly  present, 
the  inferior  one  less  frequently.  Primary  orifice  anterior,  semi-ellipticcd,  trunccdcd  behind. 
External  apertures  rounded,  with  pieristome,  and  covered,  when  qoerfect,  by  centrcdly  pcrforcdcd 
closures.  Ordovician  to  Permian. 

The  zoarial  characters  of  the  Fenestellidae  are  extremely  constant,  and  are  of  the  greatest 
systematic  iinportaiice.  The  zocecial  cavity  in  this  family  is  very  similar  to  that  of  the  Ptilo- 
dictyonidae  and  llliinidictyonidac  ; and  the  same  is  also  true  of  both  the  {)riniary  and  external 
orifices.  Ulrich  considers  the  family  as  having  been  derived  from  Phylloporina. 

Fenestella,  Lonscl.  (Fenestrella,  d’Orb.  ; Actinostoma,  Young),  (Fig.  467).  Zoaria 
flabellate  or  funnel-shaped,  poriferous  on  the  inner  side.  Branches  generally  straight, 
sometimes  Hexuous,  connected  at  regular  intervals  )jy  dissepiments.  Zooecia  in  two 
rows,  separated  by  a plain  or  tuberculose  median  keel.  Ordovician  to  Permian  ; 
chiefly  Devonian  and  Sub-Carboniferous. 

Semicosminium,  Prout  (Carinopora,  Nich.)  Zoaria  funnel-shaped,  poriferous  on 
the  outer  side.  Dissepiments  wide,  very  short,  the  branches  appearing  to  anastomose 
on  the  non-poriferous  face,  where  the  fenestrules  are  sub-rhond3oidal  or  rounded. 
Zooecia  in  two  ranges,  median  keel  very  high  and  exj^ancled  at  the  summit.  Silurian 
and  Devonian. 
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Fenesfrojwra,  Hall.  Like  the  preceding,  e.xcept  that  the  reverse  of  the  zoariuin 
and  the  expanded  summits  of  the  carinae  bear  large,  scattered  pores  or  pits.  Devonian. 
Isotrypa,  Localipora,  Unitrypa,  Hall.  Silurian  and  Devonian. 

Hernitrypa,  Phill.  Dilfers  from  Fcnestella  in  having  a reticulated  superstructure, 
whose  meshes  correspond  in  position  and  number  with  the  zooecial  apertures  in  the 

A B c 


Fifi.  lOT. 

Fi'iiastrlhi  iTnyiirm/s,  .Sclilotli.  Permian  Dolomite;  I’iissiieck,  Tliurinf'ia.  A,  Fragment  of  zoarium,  natural 
size.  II,  Portion  of  external  surface,  slightly  enlarged.  C,  .Magnilied  portion  of  interior  celluliferous  surface. 


branches  lieneath.  The  structure  rests  on  pillars  which  rise  at  regular  intervals  from 
the  moderate  median  keel  of  the  branches.  Silurian  and  Devonian. 

Helicopora,  Claypole.  Zoaria  spiral,  the  inner  edge  thickened  and  non-poriferous, 
l.iut  not  forming  a solid  axis.  Otherwise  like  Feni'dcUa.  Silurian,  (?)  Devonian. 

Archimedes,  Lesueur  (Fig.  408).  Distinguished  from  Helicopora  by  its  solid  central 


Fio.  4B8. 


Arrhiiiii'dis  U'orlliriii,  Hall  sp.  Sub-Carboniferous;  Warsaw,  111.  A,  Fragment  of  well-preserved  zoariuin, 
l/l  (after  Hoemer).  B,  Broken  spiral  zoarium  (after  Qiienstedt).  t'.  Portion  of  interior  or  upper  surface  of  the 
expansion,  enlarged  (after  Hoemer).  D,  External  or  inferior  asjiect  of  same  (after  Hall). 

axis.  As  a rule,  the  fenestrated  expansion  is  broken  away,  leaving  only  the  screw-like 
axis.  Sub-Carboniferous. 

Lyropora,  Hall.  Zoaria  flaltellate,  the  fenestrated  jtortion  spread  between  the  arms 
of  a non-celluliferous  U-  or  V-shaped  support ; free  or  pedunculate  at  the  base. 
ZocEcia  in  from  two  to  five  rows.  Sub-Carboniferous. 

Fenestralia,  Prout.  Having  a median  keel  as  in  Fenestclla,  but  with  four  ranges  of 
zocecia  instead  of  two.  Sub-Carboniferous  (St.  Louis  Group). 

Polypora,  M‘Coy.  Differs  from  Fenestclla  in  having  two  to  eight  rows  of  cells  on  a 
Ijranch,  and  in  wanting  a median  keel.  The  latter  is  sometimes  represented  by  a row 
of  strong  tubercle.s.  Silurian  to  Carboniferous. 
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Thamniscus,  King.  Like  Polijpora,  biit  branches  bifurcating  more  freely,  and  with 
only  a few  dissepiments  or  none.  Silurian  to  Permian. 

PhyUopora,  King.  Zoaria  funnel-shaped,  celluliferous  on  the  outer  side,  and  con- 
sisting of  anastomosing  branches,  which  form  a regular,  round -meshed  network. 
Zooecia  in  two  or  more  rows.  Devonian  and  Permian. 

Ptiloporella,  Ptiloporina,  Hall.  Silurian  and  Devonian. 

Ptilopora,  M‘Coy  {Dendricopora,  de  Kon.)  Zoaria  pinnate,  the  central  branch  much 
stronger  than  the  oblique  lateral  branches,  wliich  are  united  by  dissepiments.  Zocecia 
in  two  ranges.  Devonian  and  Sub-Carboniferous. 


Family  7.  Acanthocladiidae.  Zittel. 

Zoaria  poriferous  on  one  side  only,  piinnate  or  forming  fenestratedj  expansion ; consisting 
of  strong,  centred  stems  ichich  give  off  numerous,  smaller,  latercd  Iranches  from  their  opposite 
margins.  The  latercd  branches  are  free  or  unite  icith  those  of  the  next  stem.  Xon- 
poriferous  dissepiments  absent.  Zocecial  characters  mostly  as  in  the  Fenestellidae.  Silurian 
to  Permian. 


Pinnatopora,  Vine  (Glauconeme,  airct.) 


lateral  branches  given  off  frequently  at 
each  side  of  a moderate  median  keel. 
Silurian  to  Carboniferous. 

Septopora,  Prout.  Zoaria  fenes- 
trated, flabellate,  or  leaf-like.  Primary 
branches  numerous,  increasing  by  bi- 
furcation or  interpolation  ; the  lateral 
branches  uniting  with  those  of  adjacent 
steins.  Reverse  usually  with  fine  striae 
and  scattered  dimorphic  pores.  Cellu- 
liferous side  witlr  two  rows  of  zocecia 
arranged  as  in  Pinncdopcora.  Chester 
Group  and  Coal  Measures. 

Acanthocladia,  King.  Like  Pinnato- 
pora, but  larger,  stronger,  and  with 
three  or  more  ranges  of  cells.  Coal 
Measures  aird  Pei'mian. 


rei 


Zoaria  small,  delicate,  rvith  short,  free, 
pilar  intervals.  Cells  in  two  row's,  one  on 


Fig.  460. 


llelopora  spitiiformis,  Ulr. 
Trenton;  Tennessee.  .4,  Ver- 
tical section,  irq.  B,  Segment, 
i/i  and  14/i  (after  Dlricli). 


Pacliydictya  foUata, 
Ulr.  Lower  Trenton ; 
Minnesota.  Tangential 


section, 

Ulricli). 


ir/i  (after 


Synocladia,  King.  Differs  from  Sepitopora  in  the  same  manner  as  the  preceding 

Carboni- 


differs  from  Pinnatopora.  Permian. 

Diplopora,  Young.  Essentially  a Pinnatopora  w'ithout  lateral  branchlets. 
ferous. 

Ichthyorachis,  M‘Coy,  Peiiniretepiora,  d’Orb.,  and  Reemipora,  Toula,  may  belong  here. 


Family  8.  Phylloporinidae.  Ulrich. 

Zoaria  branching,  celluliferous  on  one  side  only,  the  other  side  striated;  branches  free  or 
anastomosing.  Zooecia  more  or  less  tuhxdar,  often  with  diapihraejms.  Hemisepxta  ivanting. 
Ordovician  to  Coal  Measures. 

Phylloporina,  Ulrich.  Branches  irregularly  anastomosing,  with  two  to  eight 
ranges  of  zooecia  on  the  celluliferous  side.  Tabulated  interstitial  spaces  generally 
present,  closed  at  the  surface.  Ordovician  and  Silurian. 

Drymotrypa,  Ulrich  ; Ordovician  and  Silurian.  Ghcdnodictyon,  Foerste  ; Coal 
Measures. 

The  following  genera  of  doubtful  affinities  may  be  provisionally  appended  here  : — 
Proutella,  Cycloporella,  IVorthenopora,  Ulrich  ; Cyclopora,  Prout  ; Pcdcschara,  Hall. 
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Sub-Order  D.  CHILOSTOMATA.  Busk. 

{Bnjozoaires  celluline's,  d’Orbigny.) 

Zooecia  oval,  turbinate,  urccolate,  quadrate,  or  hexagonal,  arranged  usually  side  by 
side.  Orifice  more  or  less  anterior,  of  smaller  diameter  than  the  zocecium,  closed  by  a 
movable  cover.  Ora  commonly  matured  in  external  marsiqna.  Apqxndicular  organs 
frequently  present. 

True  Chilostomata  are  first  met  witli  in  tlie  Jura,  but  tlicir  progenitors  are  undoubtedly  to 
be  looked  for  in  the  Palaeozoic  Oryptostomata..  Tliey  attain  an  astonishing  development  in  the 
Upper  Cretaceous,  and  in  the  Tertiaries  and  existing  seas  they  greatly  surpass  the  Cyclostomata 
in  number  and  variety  of  species. 

iSTot  all  of  the  Chilostomata  have  a comjdetely  calcified  zoarium,  some  being  corneous  and 
flexible  {Flustridac),  and  others  having  the  front  wall  of  the  zocecia  more  or  less  membraneous 
and  the  rest  calcareous  {Memhranfioridac).  Conserpicntly,  in  fossil  examples  of  the  latter,  the 
zooecia  are  entirely  open  on  the  upper  or  front  sirle  (Fig.  477).  Avicularia  and  vibracula  are 
very  commonly  present,  and  are  indicated  in  fossils  l>y  the  “special  pores”  in  which  they  were 
lodged.  Flxternal  ovicclls  are  more  commonly  developed  than  in  the  Cyclostomata,  and  usually 
occur  as  rounded,  blister -like  cavities  in  front  of  the  zoiecial  apertures.  Reproduction  by 

gemmation  takes  place  at  the  growing  edge  of  the  colonj%  the  young  cells  arising  from  the 

anterior  end  or  from  either  side  of  the  parent  cell  ; and  repeated  gemmation  almost  always 
results  in  a more  or  less  regular  arrangement  in  series.  Direct  communication  hetw’een  adjoining 
zocecia  is  effected  hy  means  of  small  perforated  plates  (communication  plates,  I’osettcnplattcn), 
set  ill  corresjmnding  positions  in  the  side  walls  of  each  zocecium. 

The  classification  of  the  ChilostomatM  is  as  yet  in  an  unsettled  condition.  The  older  systems 
of  d’Orbigny  and  Busk  were  highly  artificial,  undue  ])rominence  having  been  given  to  zoarial 
modifications  ; but  through  the  labours  of  Siuitt,  Hincks,  and  Water-s,  who  have  demonstrated 

the  much  greater  importance  of 
zocecial  characters,  a decided  advance 
has  been  made.  Only  brief  description.s 
of  the  more  important  genera,  or  those 
having  numerous  fossil  representatives, 
can  be  introduced  here. 

Family  1.  Eucrateidae.  Busk. 

Zoaria  branching,  erect,  and  free, 
or  recumbent.  Zooecia  uniserial  or 
biserial,  qiyriform,  with  a sub-terminal 
and  usually  oblique  aperture.  Avicu- 
larian  <md  ribraculur  appendages 
iranting.  Cretaceous  to  Recent. 

Eucraten,  Lamx.  (Fig.  471).  Zoaria  entirely  decumbent,  or  composed  of  a 
creeping,  adberent  liase  and  erect  branching  shoots.  Zocecia  calcareous  or  sub- 
calcareous.  rising  one  from  another  so  as  to  form  .single  serie.s.  Branches  springing 
from  the  front  of  a zocecium  below  the  aperture. 


Encmteci  lnhiata,  Xovak  sj).  Cenomanian  ; Veliin,  Hoheinia. 
A,  Zoarium,  Vi-  Zocecia,  three  of  them  with  fractured  walls, 
highly  niagnilied  (after  Novak). 


Family  2.  Cellulariidae.  Busk. 

Zoarium  erect,  usually  jointed,  dichotornously  branching,  phytoid.  Zocecia  in  two  or 
more  series,  closely  united  and  arranged  in  the  .same  pAcrne.  Sessile  avicidaria  and 
vibracula  generally  present.  Tertiary  and  Recent. 

Cellularia,  Pallas  ; Menipea,  Caberea,  Lamx. ; Scrupocellaria,  Van  Bened.  Miocene 
to  Recent. 
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Family  3.  Gemellariidae.  Busk. 

Zoarium  sub-calcareous,  flexible,  continuous.  Zooecia  somexchat  ohconical,  opixosite, 
usually  ixi  ixairs,  xinarmed.  Recent. 

Gemellaria,  Savigny  ; Scruparia,  Hincks  ; Notamia,  Fleming. 

Family  4.  Cellariidae.  Hincks  {Salicornariadae,  Busk.) 

Zoarium  erect,  sub-cylindrical,  diclwtornoushj  branchmy,  usualhi 
jointed.  Zooecia  rhomboidal  or  hexagonal,  each  corrcspoxiding  to  an 
area,  cmd  disposed  ixi  series  about  an  ixnagixiary  axis  ; fx'oxit  depressed, 
usually  concave.  Orifice  crescentic  or  semi-chxular,  situated  slightly 
above  the  cexitre  of  the  cell.  Ocecia  inconspicuous,  openixug  at  or  xiear 
the  summit  of  the  area  above  the  orifice.  Avicularia  xisually  presexit. 

Cretaceoiis  to  Recent. 

Cellaria,  Lam.  (Salicorxiaria,  Cuv. ; Scdicomia,  Schweigg),  (Fig. 

472).  Zoarium  jointed,  the  segments  sub-cylindrical  and  connected  by 
flexible,  horny  tubes.  Zocecia  immersed,  surrounded  by  a raised 
border,  disposed  in  quincunx.  Avicularia  irregularly  distributed, 
situated  above  a cell,  or  occupying  the  place  of  one. 


Fig.  472. 

Cellaria  rhomhifera, 
Goldf.  sp.  Oligocene ; 
Kaufungen,  near 
Cassel.  Enlarged 
(after  Reus.s). 


Family  5.  Selenariidae.  Busk. 

Zoaria  circxdar  or  irregular  in  outline,  the  celluliferous  side  convex,  the  lower  concave  or 
flat,  probably  free  in  the  xnature  condition.  Zfxper  surface  areolcdcd,  the  zoaicia  immersed. 


Fig.  473. 

Lunuliles  Gohlfussi,  Hagw.  Upiier  Cretaceoirs,  Luiieburg.  o.-c,  Zoarium  of  the  natural  size  ; (/,  Upper  sur- 
face, enlarged  ; e,  Lower  surface,  enlarged. 

their  bordex's  elevated.  Orifice  roimded  or  semi-elliptical,  situeded  xnore  or  less  in  advance 
of  the  depressed  froxit.  Small  vibracular  cells  usually  present.  Cretaceous  to  Recent. 

Lunulites,  Lamx.  (Fig.  473j.  Zooecia  arranged  iu  series  radiating  from  the  centre 
and  bifurcating  as  they  advance  toward  the  border.  Vibracular  cells  usually  elongate, 
lying  ill  linear  series  between  the  rows  of  zooecia.  Very  abundant  in  the  Upper 
Cretaceous  and  Tertiary  ; also  Recent. 

Stichopox'a,  Hagw.  emend.  Busk.  Vibracular  cells  wanting.  Zooecia  equal,  hexa- 
gonal, not  arranged  in  radiating  series.  Cretaceous. 

Selenaria,  Busk.  Cretaceous  to  Recent. 
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Family  6.  Onychocellidae.  Jullien,  emend. 


Zoaria  encrusting  or  erect,  ramose,  continuous,  the  branches  more  or  less  compressed  and 
hilaminar ; surface  areolated.  Zocecia  usually  hexagonal,  their  rnarejins  raised,  the  front 
not  entirely  ccdcified.  Opesial  aperture  of  moderate  size,  generally  semi-elliptical,  sometimes 
spreading  btloic,  in  other  cases  sub-circular.  Oral  opening  srncdl,  visually  crescentic  or  semi- 
circular. Ocecicc  inconspicu- 
ous ; intercedated  vicarious 
^ avicularia  generally  present ; 

special  p>ores  tcanting.  Cre- 
taceous to  Recent ; chiefly 
Cretaceous. 


Fig.  4V4. 

Onyclincdhi  ongv- 
losii,  Ren.ss  sp. 
Ujiper  Eocene; 
Northern  Italy. 
Surface,  -O/x  (after 
Waters). 


According  as  the  specimens 
were  encrusting  or  erect,  they 
have  been  called  Ccllepiora  and 
Mcnihrunipura  ; or  by  others, 
Eschara,  Vincularia  (Fig.  475), 
and  Bifiusira.  Indeed,  accord- 
ing to  Waters  and  others,  all 
of  these  names  have  been 
applied  to  a single  sj)ecies, 
OnychuccUa.  angulosa,  Reuss 
sp.  The  zoceeial  characters 
are  comjiaratively  simjile  and 
uniform,  and  in  most  cases 
the  .same  as  in  the  Ccllariidac. 
On  the  other  hand,  species  having  a larger  opesial  opening  than  usual  {J^ibracdla,  etc.)  evince 
a decided  resemblance  to  certain  of  the  Mcmbrauqjoridac.  The  .systematic  po.sition  of  the 
family'  therefore  ap[iears  to  be  intermediate  between  the  Cdluriidae  and  Mcmbraniporidac. 
The  relations  of  this  family  with  the  Talaeozoic  Cryptostoniala  and  Trcpostuinatu  are  worthy  of 
further  investigation. 


Fig.  475. 

Vincvlm-ia  rirgn,  llagw.  Upper  Cretaceou.s ; 
Hiigen.  «,  Portion  of  zoariuin,  l/j ; h,  Cross- 
section  ; c,  Vertical  section,  enlarged. 


Onychocella  (Jullien),  Waters  {Eschara,  Flustrcllaria,  p.p.,  d’Orh.  ; CelU-ptora, 
Membranipora,  Vincularia,  etc.,  auct),  (Fig.  474).  Zoaria  encrusting  or  erect.  Oral 

A PC 


Fig.  47U. 

Cuintilipnrii  ungyhin,  Jliinst.  Oligocene  ; Doberg,  near  Buncle.  A,  Zoariuin,  natural  size.  B,  Upper  surface, 
enlarged.  C,  Vertical  section,  enlarged  (after  Heuss). 


opening  semi-circular  or  crescentic.  Avicularian  openings  simple,  oval ; the  area  in 
which  they  are  situated  drawn  out  above.  Cretaceous  to  Recent. 

Vibracella,  AYaters  {Flustrcllaria,  jt.p.,  d’(,)rh.)  Differs  from  Onychocella  in  having 
a larger  aperture,  which  is  often  somewhat  expanded  below,  and  having  vibracular 
cells  instead  of  avicularia.  Cretaceous  and  Tertiary. 

I Curnulipora,  Aliinst.  (Fig.  476).  Zoaria  irregularly'  massive.  Zooecia  partly' 
recumbent,  partly  erect,  and  placed  one  above  the  other,  so  that  they  appear  to  form 
tabulated  tubes.  Tertiary. 
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Family  7.  Membraniporidae.  Busk. 

Zoarium  calcareous  or  membrano-calcareous,  encrusting  or  erect,  in  the  latter  case  Ihfoliate, 
or  sub-cylindrical.  Zocecia  placed  side  by  side,  and  forming  an  irregular  continuous 
expansio7i,  or  in  linear  series.  Margins  I'aised,  the  depressed  front  more  or  less 
membraneous.  Cretaceous  to  Recent. 

Membranipora,lj\ahw.(l  Marginaria,  Roemer  ; (?)  Dermatopora,  Hagv/.),  (Figs.  477, 
478).  Zoaria  encrusting,  calcareous,  or  sub-calcareous.  Zooecia  arranged  irregularly  or 
in  rows,  without  a calcareous  lamina  on  the  front,  or  only  partially  covered  by  one, 
leaving  a variously  shaped  aperture. 


Family  8.  Cribrilinidae.  Hincks. 


Zoaria  encrusting  or  ei'ect.  Zooecia  having  the  front  wall  inore  or  less  fissured,  or 
travei'sed  by  radiating  furrows.  Cretaceous  to  Recent. 


Membraniporella,  Smitt  (Fig.  479).  Zoaria  encrusting  or  rising  into  free  foliaceous 


Fig.  477. 


Encrusting  zoarium  of  Memhvanipom, 
with  non  - calcitied  zooecial  walls. 
Magnified- 


Monhrampora  2'ilebeia, 
G.  and  H.  Cretaceous  ; 
N.  J.  Several  cells 
highly  magnified  (after 
Gabb  and  Horn). 


Me  mh  ra  nipo  rel  la 
Ahhotti,  G.  and  H. 
sp.  Cretaceous  ; 
N.  .7.  Zooecia  highly 
magnified  (after 
Gabb  and  Horn). 


Fig.  4S0. 

CribriUna-  Heer- 
manni,  G.  an<l  H. 
sp.  Post-Pliocene  ; 
Santa  Barbara  Co., 
Cal.  Zooecia  highly 
magnified  (after 
Gabb  and  Horn). 


expansions,  sometimes  consisting  of  superimjjosed  layers.  Zooecia  closed  in  front  by 
a number  of  flattened  calcareous  ribs  more  or  less  consolidated 
centrally.  Cretaceous  to  Recent. 

CribriUna,  Gray  (Fig.  480).  Zoaria  usually  encrusting.  Zooecia 
having  the  front  more  or  less  occupied  by  radiating  or  transverse 
rows  of  punctures,  each  row  in  a furrow  ; orifice  semi-circular  or 
sub-orbicular.  Cretaceous  to  Recent. 

Family  9.  Microporidae.  Smitt. 


Zooecia  having  the  front  wall  entirely  calcareous;  usually  with, 
short,  elevated  margms,  fissures,  or  perforations.  Cretaceous  to  Recent. 

Micropora,  Gray  (Fig.  481).  Zoaria  encrusting.  Zooecia  with 
prominent  raised  margins  ; the  front  depressed,  with  a perforation 
at  each  upper  angle  below  the  semi-circrrlar  or  rounded  orifice. 
Cretaceous  to  Recent. 


Fig.  rsi. 

M ic  ropo  m d ispa  H lis, 
G.  and  H.  sp.  Post- 
Pliocene  ; Santa  Bar- 
bara Co.,  Cal.  Zooecia 
highly  magnifieil 
(after  Gabb  and 
Horn). 


Steganoporella,  Smitt  ; Setosella,  Hincks.  Recent. 
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Family  10.  Microporellidae.  Hincks. 

Zoaria  encrusting  or  erect,  foliated  or  dendroid.  Zocecial  orifice  more  or  less  semi- 
circular, with  the  lower  margin  entire;  a crescentic  or 
circular  pore  on  the  front  ivall  usually  just  beneath  the 
orifice.  Cretaceous  to  Recent. 

Microporella,  Hincks  (Fig.  482).  Zoarium  encrusting 
or  erect,  Inlaniinar.  Margin  of  zocecia  not  elevated. 
Orifice  with  a straight,  entire  lower  border,  frequently 
with  oval  spines.  Usually  one  seini-limate  or  circular 
q)ore  beneath  the  orifice,  occasionally  two  or  three. 
Tertiary  and  Recent. 

Diporula,  Chorizopora,  Hincks.  Tertiary  and  Recent. 

? Monoporella,  Hincks.  Like  Alicroporella,  but  with- 
out special  pores.  Cretaceous  to  Recent. 

Microporella  riuHs,  Reuss  sp.  ,,,  ...  • • j t/-v  -i  • t t-- 

Oliy;ocene ; Sollingen.  Upjier  sur-  -raiiuly  11.  PoriniQa/G.  d'Orblgliy,  6111611(1.  xillicks. 
face,  enlarged. 

Zoaria  encrusting,  or  erect  and  ramified.  Zocecia  vnth 
a raised  tubular  or  sub-tubular  orifice,  and  frequently  with  a special  qmre  on  the  front  icall. 
Cretaceous  to  Recent. 

Porina,  d’Orb.  Zoaria  consisting  of  flattened  or  sub-cylindrical  branches,  celluli- 
ferous  on  both  sides,  or  encrusting.  With  age  the  spaces  between  the  raised  apertures 
become  filled  with  a porous  calcareous  deposit.  Avicularia  and  ocEcia  occasionally 
distinguishable.  Cretaceous  to  Recent. 

Cellcporella,  Gray  ; Anarthropora,  Smitt  ; Lagenipora,  Hincks.  Recent. 

Family  12.  Escharidae.  Hincks. 

Zoaria  erect,  unilaminate  or  hilaminate,  foliaceous  or  ramose,  or  crustaceous,  loosely 
attached  or  udnate.  Zocecia  urccolate,  the  front  entirely  calcified,  without  raised  margins. 
Uriftce  anterior,  sub-circular  to  horseshoe-shaped,  the  lower  border  straight,  broadly  sinuate,  or 
notched.  An  elevated  secondary  orifice,  with  the  lower  margin  dentate,  channeled,  or 
enclosing  an  avicularium,  often  present,  but  no  special  pores.  Cretaceous  to  Recent. 

This  family  embraces  a large  number  of  fossil  and  existing  Bryozoaiis,  and  in  its  present 
state  can  hardly  be  said  to  form  a natural  group,  ft  is  here  that  the  much  greater  importance 
of  zocecial  characters  as  compared  with  zoarial  are  particularly  apparent  ; inasmuch  as  one  genus, 
or  in  many  cases  a s]iecies,  as  now  generally  understood,  may  include  a considerable  range  of 
zoarial  types.  To  the  jialaeontologist  the  grou[)  offers  exceptional  difficulties,  since  generic 
characters  frequently  depend  upon  easily  abraded  or  obscure  modifications  of  the  orifice. 

Lepculia,  Johnston  (Fig.  483).  Zoaria  encrusting  or  rising  into  simple  or  branching 
expansions,  composed  of  one  or  two  layers  of  cells.  Zoa-cia  usually  ovate,  the  orifice 
with  a thin  peristome  and  entire  lower  margin.  Rare  in  Cretaceous,  more  abundant 
in  Tertiary  and  Recent. 

Porella,  Graj'.  Zoaria  encrusting  or  erect.  Zotecia  with  a semi-circular  primary 
orifice  ; the  secondary  (adult)  orifice  elongate,  inversely  sub-triangular,  or  horseshoe- 
shaped, and  enclosing  an  avicularium  with  a rounded  or  sub-triangular  mandible. 
Tertiary  and  Recent. 

Umittia,  Hincks.  Zoaria  encrusting,  or  erect  and  foliaceous.  Primary  orifice  of 
zocecia  sub-orbicular,  the  lower  margin  with  an  internal  median  denticle.  Secondary 
orifice  canaliculate  below  ; generally  a small  avicularium  either  within  or  just  beneath 
the  sinus.  iMiocene  and  Recent. 

Mucronella,  Hincks  (Fig.  484).  Similar  to  Smittia,  but  with  simpler  orifice,  and 


Fig.  4Sl>. 
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the  lower  part  of  the  peristome  elevated  into  a more  or  less  }irominent  mucro.  Tertiary 
and  Recent. 

Bchizoporella,  Hincks.  Zoaria  variable  ; zooecial  orifice  varying  from  semi-circular 
to  sub-orbicular,  the  lower  marain  with  a distinct  sinus.  Cretaceous  to  Recent. 


Fig.  4S3. 

Lepralia  palkisiana,  Moll. 
Recent ; England.  Zooicia 
highly  magnified  (after 
Hincks). 


Fig.  484. 


Mucronella  coccinea, 
Abildg.  Miocene;  Eisen- 
stadt,  Hungary.  A num- 
ber of  zocecia  enlarged 
(after  Renss).  The  aper- 
tures are  denticulated, 
and  each  zocecium  has  a 
pair  of  avicularia.  o, 
Ovicell. 


Fig.  4S5. 

Schiznporella  corauhi, 
G.  and  H.  sp.  Post- 
Pliocene  ; Santa  Bar- 
bara Co.,  Cal.  Zocecia 
highly  magnified 
(after  Gabb  and 
Horn). 


Retepora,  Imperato  {Phidolopliora,  Gabb  and  Horn),  (Fig.  486).  Zoaria  consisting 
usually  of  inosculating  branches  which  spring  from  an  encrusting  base.  Zocecia  dis- 
posed on  one  face  of  the  branches  only,  in  most  cases  immersed.  Primary  orifice 
rounded  or  semi-elliptical  with  entire  border.  Afterwards  the  peristome  becomes  much 


Fig.  48(5. 


Retepora  cellulosa,  Linn.  Crag ; 
Sufl'olk,  England. 


.1  IS  C 


Fig.  487. 


Myriozoum  punctafum,  Phill.  sp.  Miocene  ; Ortenburg,  Bavaria. 
A,  Zoarium,  i/j.  B,  Upper  surface,  enlarged.  In  the  forward  portion 
the  ajiertures  are  open  , in  the  rear,  covered  over  by  a calcareous 
deposit.  C,  Cross-section  of  a branch. 


raised  and  multiform  ; usually  there  is  a fissure  below,  or  there  may  be  a prominent 
rostrum  bearing  an  avicularium.  Tertiary  and  Recent. 

1 Myriozoum,  Donati  (Myriopora,  Blv.  ; Vayinopora,  Renss),  (Fig.  487).  Zoaria 
consisting  of  thick,  dichotomously  dividing  branches,  obtuse  at  their  growing  ex- 
tremities, and  rising  from  an  attached  basal  expansion.  Zocecia  disposed  about  an 
imaginary  axis,  even  at  the  surface,  their  boundaries  scarcely  distinguishable.  Entire 
surface  and  also  the  inner  walls  minutely  porous.  Orifice  above  the  centre  of  the 
zocecium,  sub-orbicular,  notched,  or  canaliculate  below.  As  a rule,  the  openings  are 
closed  on  the  lower  parts  of  the  branches  by  a calcareous  pellicle.  Tertiary  and 
Recent  ; perhaps  also  Cretaceous. 
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Family  13.  Celleporidae.  Busk. 

Zocpxia  urceolate,  more  or  less  erect,  and  irregularly  croxcded  together ; often  forming  several 

or  many  superimposed  layers.  Tertiary  and 
Recent. 

Cellcpora,  Fabricius  emend.  Busk 
(Spongites,  Oken ; Cclleporaria,  Lamx.),  (Fig. 
488).  Zoarium  multiform,  encrusting,  or 
erect  and  ramose.  Zooecia  in  the  older 
portions  more  or  less  erect  and  very  irreg- 
ularly disposed.  Orifice  terminal,  entire,  or 
sinuated,  with  or  without  internal  denticles  ; 
in  connection  with  it  are  usually  one  or 
more  rostra  bearing  avicularia.  Inter- 
calated avicularia  generally  present  also. 
The  surface  of  weathered  specimens  dotted 
CeUepora  congiomcmta,  Goidf.  Oligocene ; bv  the  unequal  apertures  of  vesiclc  - like 
c,  Upper  surface,  enlarged.  cells.  Tertiary  and  Recent. 


.1 


Fig.  ISS. 


Range  and  Distribution  of  the  Bryozoa. 

The  class  Bryozoa  begins  in  the  Ordovician,  and  is  represented  continuously  up 
to  the  present  time.  The  older  Palaeozoic  forms  belong  chiefly  to  two  sub-orders — 
the  Cyclostomata  and  Trepostomata. 

A considerable  number  of  Gyclostomatous  genera  are  present  in  the  Ordovician, 
all  of  them  being  closely  related  with  Mesozoic  and  recent  types ; but  throughout  the 
remainder  of  the  Palaeozoic,  and  in  the  Trias  also,  the  sub-order  is  very  sparingly 
represented  (if  we  except  the  somewhat  doubtful  Geramoporidae  and  Fistuligioridae), 
and  in  some  parts  quite  absent.  In  the  Jura  and  Cretaceous,  however,  a remarkable 
increase  took  jdace,  hundreds  of  siiecies  being  known  from  these  formations.  During 
the  Tertiary  their  strength  was  again  materially  reduced,  and  the  living  Cyclostomata 
barely  exceed  100  species  in  number. 

The  Trepmtomata  appear  suddenly  and  in  great  variety  in  the  Ordovician,  from 
which  over  200  species  are  known,  but  entered  almost  immediately  upon  a period  of 
decline.  From  the  Trenton  and  Cincinnati  groups  alone  more  siiecies  have  been  described 
than  from  all  of  the  later  Palaeozoic  formations  put  together.  There  is  at  present  no 
evidence  to  show  that  the  group  survived  later  than  the  Palaeozoic  era,  but  it  is  not 
unlikely  that  their  descendants  may  be  found  among  certain  Mesozoic  familie.s,  such 
as  the  Ccidae  and  Meliceritidac,  which  are  provisionally  assigned  to  the  Cxjclo- 
stomata. 

The  Cryptostomata  are  likewise  confined  to  rocks  of  Palaeozoic  age,  but,  as  has 
been  remarked  above,  may  be  very  confidently  regarded  as  the  forerunners  of  the 
Ghilostomata.  True  members  of  the  latter  group  are  first  met  with  in  the  Jura,  but 
they  develop  rapidly,  and  from  the  Cretaceous  onward  remain  the  dominant  type. 

The  Triassic  and  Liassic  Bryozoans  belong  chiefly  to  the  Cerioporidae.  This 
family,  together  with  the  Diastoporidae,  Fascigeridae,  and  other  members  of  the 
Gyclostornata,  are  abundantly  represented  in  the  Middle  Jura  of  Lorraine,  Southern 
Germany,  England,  and  Normandy.  The  Upper  Jura,  on  the  contrary,  yields  com- 
paratively few  Bryozoan  fossils. 

The  Gyclostornata  still  predominate  in  the  Neocomian  and  Gault,  but  in  the 
Cenomanian  a number  of  Chilostornatous  genera  make  their  appearance.  The  fauna 
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is  esjDecially  well  develojied  in  the  vicinity  of  Le  Mans,  Havre,  and  Essen,  and  in 
Saxony,  Northern  Germany,  and  Bohemia. 

Bryozoans  are  surprisingly  abundant  in  the  Upper  Cretaceous,  particularly  in  the 
Upper  Pliiner  of  Northern  Germany,  Saxony,  and  Bohemia,  in  the  White  Chalk,  and 
the  facies  of  Aix-la-Chapelle  and  Maestricht.  d’Orbigny  alone  has  described  not  less 
than  547  species  of  Upper  Cretaceous  Cyclodomata,  and  about  300  Chilostomata. 

The  Chilostomata  retain  their  supremacy  throughout  the  Tertiary  period.  The 
Eocene  and  Oligocene  deposits  of  the  northern  and  southern  slopes  of  the  Alps  are 
remarkable  for  the  abundance  of  their  Bryozoan  remains  ; some  of  the  most  noted 
Eocene  localities  being  Kressenberg,  Hammer,  and  Neubeuern  in  Ujiper  Bavaria  ; 
Mossano,  Crosara,  and  Priabona,  near  Vicenza ; and  Oberburg  in  Styria.  The 
Oligocene  of  Northern  Germany,  and  the  Miocene  of  Touraine,  the  Rhone  Valley, 
Upper  Swabia,  and  the  Vienna  Basin,  are  also  remarkably  rich  in  Bryozoan  remains. 
The  Pliocene  fauna  of  Italy,  Rhodes,  Cyprus,  and  England  (notably  the  Coralline  Crag), 
is  made  up  almost  entirely  of  existing  genera,  and  in  many  cases  of  existing  species. 

[The  entire  systematic  portion  of  the  preceding  Bryozoan  chapter  has  been  prepared  for  the 
present  edition  by  Jlr.  E.  0.  Ulrich,  whose  important  researches  in  this  and  other  <lepart- 
meiits  of  invertebrate  palaeontology  are  familiar  to  all  students  of  the  science. — Tk.axs.  ] 


Class  2.  BRACHIOPODA.  Cuvier.  Dumeril.i 

Bivalved  MoUuscoidea  ivith  inequivalved,  equilateral  shells  attached  to  extraneous 
objects  by  a posterior  prolonrjation  of  the  body,  or  pedicle,  throughout  life  or  during  only 

1 Literature  : A.  Systematic  Works. 

von  Bitch,  L.,  Ueber  Terebrateln,  Berlin,  1834. — King,  IF.,  A Monograph  of  Permian  Fossils 
(Palaeont.  Soc.),  1849. — Itavidson,  T.,  Monograph  of  British  Fossil  Brachiopoda,  vols.  I.  -V.  (Palaeont. 
Soc.),  1851-86. — Hall,  J.,  Descriptions  and  Figures  of  the  Fossil  Brachiopoda  of  the  Devonian 
(Palaeont.  of  New  York,  vol.  IV.),  1867. — Quenstedt,  K.  A.,  Petrefactenkunde  Deutschlands, 
Bd.  II.,  1871. — Deslongchamps-Kudes,  E.,  Paleontologie  Franoaise,  Terr.  .Jurass.  vol.  IV.,  1879. — 
Barrande,  J.,  Systeme  Silurien  du  Centre  de  la  Boheme,  vol.  V.,  1879.  — Waagcn,  IF.,  Salt  Pi.ange 
Fossils  (Palaeont.  Indica,  ser.  XIII.,  vol.  I.),  1882-85. — Beslongchamps,  E.,  Etudes  critiques  sur  les 
Brachiopodes  nouveaux  ou  pen  connus,  1884. — Davidson,  T„  A Monograph  of  Recent  Brachiopoda 
(Trans.  Linn.  Soc.,  vol.  IV.),  1886-88. — Bittner,  A.,  Brachiopoda  der  alpinen  Trias  (Abhaudl.  dergeol. 
Reichs-Anst.,  Wien,  Bd.  XVI.,  XVII.),  1891-92. — Hall,  J.,  and  Clarke,  J.  M.,  Introduction  to  the 
Study  of  Palaeozoic  Brachiopoda  (Palaeont.  of  New  York,  vol.  VIII.),  1892-95. — ^yinehell,  K.  IL,  and 
Schuchert,  0.,  The  Lower  Silurian  Brachiopoda  of  Minnesota  (Minn.  Geol.  Survey,  vol.  111.),  1893. 

B.  Anatomy,  Embryology,  and  Classification. 

Hancock,  A.,  On  the  Organisation  of  Brachiopoda  (Phil.  Trans.,  vol.  CXLVIIL),  1858. — Dali, 
IF  //.,  A Revision  of  the  Terebratulidae  and  Lingulidae  (Amer.  Journ.  ConchoL,  vol.  VI.),  1870. — 
Horse,  E.  A.,  On  the  Early  Stages  of  Terebratulina  septentrionalis  (Mem.  Boston  Soc.  Nat.  Hist., 
vol.  II.),  1873. — On  the  Systematic  Position  of  the  Brachiopoda  (Proc.  Boston  Soc.  Nat.  Hist., 
vol.  XV.),  1873. — Kovalevski,  A.  0.,  Observation  on  the  Development  of  Brachiopoda  (Proc.  Imp. 
Soc.  Amateur  Nat.  Moscow,  vol.  XIV.),  1874. — Brooks,  IF.  K.,  The  Development  of  Lingula  and  the 
Systematic  Position  of  the  Brachiopoda  (Sci.  Results  Chesapeake  Zool.  Lab.),  1878. — Shipley,  -1.  E„ 
On  the  Structure  and  Development  of  Argiope  (Mittheil.  Zool.  Station  Neapel,  Bd.  IV.),  1883. — 
Oehlert  in  Fischer’s  Manuel  de  Conohyliologie.  Paris,  1887. — Beecher,  C.  E.,  and  Clarke,  J.  d/.. 
The  Development  of  some  Silurian  Brachiopoda  (Mem.  New  York  State  Mu.seum,  vol.  1.),  1889. — 
Beecher,  C.  E.,  Development  of  the  Brachiopoda  (Amer.  Journ.  Sci.,  vols.  XLI.,  XLIV.),  1891-92 
— Revision  of  the  Families  of  Loop-bearing  Brachiopoda  (Trans.  Conn.  Acad.,  vol.  IX.),  1893. — 
Beecher,  C.  E.,  and  Schuchert,  C.,  Development  of  the  Shell  and  the  Brachial  Supports  in  Ifielasma 
and  Zygospira  (Proc.  Biol.  Soc.,  Washington,  vol.  VIII.),  1893. — Hall,  J.,  and  Clarke,  J.  J/.,  An 
Introduction  to  the  Study  of  the  Brachiopoda  (Report  of  the  New  York  State  Geologist,  Parts  I.  and 
II. ),  1892-93. — Schuchert,  C.,  A Cla.ssification  of  the  Brachiopoda  (Amer.  Geol.,  vols.  XI.,  XIII.), 
1893-94. — Synopsis  of  American  Fossil  Brachiojioda  (Bull.  U.S.  Nat.  Mu.seum),  1896. — Crane,  A., 
The  Evolution  of  the  Brachiopoda  (Geol.  Mag.,  vol.  XXII.),  1895. 
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a portion,  of  their  existence,  or  cemented  rentralhj.  Valves  ventral  and  dorsal.  In 
composition,  pihospjhatic  or  calcareous  or  loth.  Animal  consisting  of  two  palliul 
mernhranes  intimatehj  related  to  the  shell.  IVithin  the  mantle  cavitg  at  the  sides  ef  the 
numth,  are  inserted  the  two,  more  or  less  long,  ored,  usuedhj  spiredhj  enrolled,  cirrated 
hrachia,  which  are  rariouslg  modified,  and  are  supported  in  the  two  terminal 
superfamilies  hg  an  internal  cedcareous  skeleton,  or  hrachidiuin,  cdtached  to  the  dorsal 
valve.  Anus  present  or  cdisent.  Centred  nervous  sgstem  consisting  of  an  oesophageal 
ring  tcilh  weakhj  developed  hrain  and  infra-oesophugeal  ganglionic  swellings.  Blood- 
vascular  sgstem  prohcdilg  present  with  the  sinuses  developed  into  vascular  dilatations 
id  the  hack  of  the  stomach  and  elseiuherc.  Sexes  separede.  Exclusivelg  marine. 

The  class  appeared  in  the  Lower  Cambrian,  attained  its  maximum  develop- 
ment in  the  Silurian  and  Devonian,  and  is  represented  by  about  140  living 
species.  Probably  U])wards  of  GOOD  fossil  and  recent  species  have  been 
developed  ; these  are  distributed  in  322  genera,  grouped  in  thirty-one  families, 
ten  superfamilies,  and  four  orders. 

Cuvier  (1792  and  1802)  was  the  first  to  distinguish  the  Brachiopods  from 
the  Acephala,  and  created  for  them  a fourth  family  in  his  class  of  Molluscs. 
To  Dumeril  (1806)  we  owe  the  now  generally  accepted  class  name  Brachio- 
poda,  or  arm-footed  animals.  Since  the  arms,  or  brachia,  are  not  homologous 
with  the  foot  of  Molluscs,  Gray  (1821)  changed  the  name  to  Spirohranchiopoda ; 
Blainville  (1824)  to  Bedliohrunchiuta  ; Kisso  (1826)  to  Branchiopoda  ; Broderip 
(1839)  to  Brachiopodidae  ; Agassiz  (1847)  to  Branchionopod a ; Broun  (1862)  to 
Brachionocephala  ; Paetel  (1875)  to  Branchionohranchia ; and  Haeckel  to  Spiro- 
hranchia.  Xone  of  these  has  displaced  Dumeril’s  term,  though  founded  on  a 
false  physiological  interpretation  of  the  brachia. 

External  Characters : Form. — The  shells  of  Brachiopods  are  very 
variable  in  form.  Usually  both  valves  are  convex,  but  they  may  )je  nearly 
hat,  with  the  interior  cavity  extremely  shallow,  or  the  dorsal  valve  may  be 
concave  and  follow  closely  the  curvature  of  the  convex  ventral  valve.  The 
ventral  valve  may  l>e  cone-shaped,  with  the  dorsal  operculiform,  or  the 
former  may  l)e  so  modified  Ijy  cementation  as  to  assume  the  appearance  of  a 
Cyathophylloid  coral.  The  shell  is  commoidy  rostrate,  with  the  ventral  l)eak, 
or  apex,  more  or  less  incurved  over  that  of  the  dorsal  valve,  or  the  valves 
may  lie  very  greatly  extended  transversely.  In  fact,  the  form  of  the  shell  of 
Brachiopods  is  so  varialde  that,  as  a rule,  no  greater  value  than  specific  can 
be  attached  to  this  feature. 

Fixation. — The  animal  is  generally  attached  to  extraneous  ol)jects  by  a 
muscidar  pedicle  which  jirojects  either  from  between  the  contracted  posterior 
margin  of  the  two  valves  (Pig.  499,  A),  thi'ough  an  opening  in  or  under  the 
beak  (Pig.  498,  B),  or  through  the  ventral  valve  (Pig.  512,  A).  With 
increasing  age,  however,  the  pedicle  opening  frequently  becomes  closed,  and 
the  pedicle  itself  atrophied.  The  animal  may  then  be  anchored  by  spines 
{Chonetes,  Productu.s)  or  be  cemented  by  the  whole  or  a part  of  the  surface  of 
the  ventral  valve  {Crania,  Davidsonia,  Thccidea,  StrepAorlignchus).  In  some  cases 
{Glottidiu  and  lingula)  Brachiopods  live  throughout  life  partially  buried  in  the 
sand  or  mud  of  the  sea-bottom. 

Ornamentation. — The  external  form  and  ornamentation  of  the  shell  afford 
important  characters  for  determining  the  species.  The  anterior  margin  of 
one  valve  is  frequently  indented  by  a median  sinus,  and  the  other  usually 
exhibits  a corresponding  fold,  or  elevation. 
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In  the  earliest  shell  growth  stages  Brachiopod  shells  are  invariably  smooth, 
and  may  remain  so  throughout  life,  but  the  greater  number  develop  radial 
striae,  ribs,  or  undulations,  and  these  are  usually  crossed  by  concentric  growth 
lines,  or  lamellae,  which  are  sometimes  of  great  width,  or  may  be  extended  into 
spines.  There  may  be  more  or  less  long  tubular  spines  scattered  over  one  or 
both  valves,  or  sometimes  restricted  to  a single  row  along  the  cardinal  line. 
Under  the  term  Lorkatae,  Leopold  von  Buch  included  all  Brachiopods  in  which 
the  radial  folds,  or  costae,  are  arranged  in  regular  succession  in  such  manner 
that  elevated  ridges  at  the  anterior  margin  of  one  valve  coincide  with  the 
indentations  of  the  other.  In  the  Biplicatae,  a median  fold  or  sinus  is 
bordered  on  either  side  by  a broad  fold.  In  the  Cindae,  the  plications  of  the 
two  valves  meet  at  the  anterior  margin  in  such  manner  as  to  form  a straight 
instead  of  a crenulated  line,  as  in  the  Biplicatae.  In  young  specimens  the 
ribs  and  folds  are  less  prominent  and  numerous  than  at  maturity.  In  very  old 
or  senile  individuals  the  shell  is  usually  thickened  and  obese,  and  the  growth 
lines  are  much  crowded  anteriorly.  At  this  stage  old  specific  characters  are 
seen  to  disappear,  and  at  the  same  time  new  ones  may  be  introduced. 

Shdl  structure. — The  test  of  Brachiopods  is  composed  of  laminae  of  various 
structure  and  composition,  but  differs  considerably  from  that  of  Molluscs. 
The  shell  may 
be  wholly  cal- 
careous or  alter- 
nately calcareous 
and  corneous. 

AVhen  entirely 
calcareous  the 
laminae  are 
never  more  than 
three  in  number  ; 
an  inner  thick 
prismatic  layer, 
an  intermediate 
laminar  layer, 
and  an  outer 
epidermal  film. 

The  inner  layer 
is  made  up  of 
flattened  prisms 
regularity 


Fig. 4S9. 

Prismatic  fibrous  struc- 
ture of  shell  of  EhijticJionella 
(Hemithyris)  psittacea,  loo/j 
(after  Carpenter). 


.4,  Punctate  exterior  of  a Terebratuloid  shell,  slightly 
enlarged,  i?,  Vertical  section  of  shell  of  MiujeUaniu 
fiavescens,  showing  distally  enlarged  tubules, 

C,  Inner  surface  of  Magellanw  shell  showing  ends  of 
tubules  and  oblique  calcareous  prisms,  wo/j  (after 
Carxienter). 


of  calcite 


arranged 


parallel  to  one  another  with  great 
and  forming  an  acute  angle  with  the  surface  of  the  shell  (Fig. 
489).  In  the  Theculiidae  these  fibrous  prisms  are  so  intimately  united  with 
one  another  that  the  shell  substance  appears  almost  homogeneous.  A ery 
often  the  fibrous  layer  is  perforated  by  a series  of  minute  canals  which  pass 
from  one  surface  of  the  valve  to  the  other  in  a more  or  less  vertical  direction, 
and  are  somewhat  dilated  externally.  These  canals  contain  tubuli,  or  certain 
prolongations  derived  from  the  mantle,  but  never  communicate  with  the 
exterior,  owing  to  the  fact  that  the  laminar  layer  of  the  shell  is  always 
covered  with  a chitinous  epidermis  (periostracum).  AA'ith  the  aid  of  a 
magnifier  the  openings  of  these  canals  are  visible  in  fossil  forms,  and  they 
may  be  also  seen  in  recent  specimens  after  the  eiridermis  has  been  removed 
by  an  application  of  caustic  potash  (Fig.  490).  According  to  the  presence 
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as  punctate  or  im- 


or  al)sence  of  tubuli,  Brachiopods  are  distinguished 
punctate. 

The  Craniidae  have  thick  shells  composed  of  concentric  layers  of  carbonate 
of  lime.  In  Crania  the  shell  substance  is  homogeneous,  and  punctured  by 
distally  branching  canals.  In  the  Lingulidae  and  OhoUdae  the  shell  consists  of 
alternating  layers  of  phosphate  of  lime,  admixed  with  lime  carbonate,  and  a 
lustrous  horny  substance  known  as  ceratin.  The  calcareous  layers  are  pris- 
matic, and  are  traversed  by  fine  tubuli  (Fig.  491).  It  is  believed  that  the 
function  of  the  punctae  is  for  respiration,  but  the  fact  that 
these  extensions  of  the  mantle  are  not  exposed  to  the  water 
may  not  accord  with  this  explanation. 

Tddves. — Brachiopods  are  delicately  constituted  animals, 
covered  by  two  very  vascular  mantle  lobes  which  secrete  the 
calcareous  or  corneo-calcareous  valves,  of  which  one  is  dorsal 
and  the  other  rentrcd  in  position.  The  valves  are  often  thin 
and  of  unequal  size,  but  the  inequality  is  never  of  such  a 
nature  as  to  disturb  the  bilateral  simimetry  of  the  shell. 

During  life  the  ventral  valve,  which  is  commonly  the 
larger  of  the  two,  occupies  an  inferior  position,  and  the  dorsal 


Fid.  4111. 

Vertical  section  of 
a Linijulv  sliell, 
sliowiiig  alternate 
corneous  (o)and  cal- 
careous (h)  layers. 
Stronjjly  inagiiilieil 
(after  Gratiolet). 


Ill  describing  the 
or  hinge-line,  is 


shell,  it  is  always  so 
placed  above,  and  the 
anterior  margin 


a superior.  But 

oriented  that  the  jiosterior  margin, 

anterior  one  below.  A line  drawn  from  the  beak  to  the 
descrilies  the  length  ; and  one  at  right  angles  to  the  same,  in  the  direction  of 
right  and  left,  the  width;  a third  line  drawn  perpendicularly  to  the  other 
two,  and  passing  through  the  centres  of  the  valves,  measures  the  thichiess. 
In  the  rrotrernata  and  Telotreinata,  the  ventral  valve  is  convex,  and  curved  in 
such  manner  at  the  posterior  margin  as  to  form  a heak.  The  beak  may 
lie  pointed,  or  it  may  be  2ierf orated  by  a round  ojiening,  or  foramen,  for 
the  jirotrusion  of  the  jiedicle.  In  many  cases,  however,  the  pedicle  ojdening 
lies  underneath  the  ajiex  of  the  beak,  and  sometimes  encroaches  upon  a 
liortion  of  the  dorsal  valve.  In  the  At  remat  a the  j^edicle  emerges  from 
lietween  the  two  valves ; in  the  Neotremata  the  ^losterior  margin  of  the 
ventral  valve  is  notched,  or  there  may  be  a small,  circular,  eccentric  2^er- 
foration,  or  a more  or  less  long,  narrow  slit.  In  the  Telotrcmata 
the  [ledicle  oiiening,  or  delthgrium,  which  is  originally  triangular 
in  form,  becomes  either  wholly  or  ^^T^i'tially  closed  by  the 
growth  of  deltidicd  plates.  In  the  rrotrernata  and  certain  of  the 
Neotrouata,  the  delth3U'ium  is  closed  by  a true  deltidium,  as 
this  covering  is  called. 


Tlie  cardinal  cn’ccc  is  a term  ajiiilied  to  the  ilattened  or  curved  fig.  492. 
triangular  area  which  is  frequently  observable  between  the  hinge-line  Cyrtinalieterodijtfi, 
and  the  beak  (Fig.  492;.  It  is  more  highly  developed  in  the  ventral  vau^e wSii high 
than  in  the  dorsal  valve,  and  is  bisected  medially  by  the  triangular 
delthtjrinm.  A true  cardinal  area  is  absent  in  the  Atremuta  and 
Neotremata  ; lint  when  a small  area  is  present  in  these  order.s,  it  is  called  a false 
cardinal  urea  (Fig.  .506,  hi,  C).  A split  tubular  structure,  or  syrinx,  which  partially 
enclo.=ed  the  pedicle,  is  devehqied  in  the  delthyrium  of  some  .si>ire-bearing  forms. 

The  deltidium  has  its  origin  in  the  Cephalula  .stage  {Tliecidea  Mediterranea) 
contenqioraneously  with  the  rudiments  of  the  dorsal  and  ventral  valves,  while  the 
embryo  is  still  in  the  free,  swimming  condition.  The  dorsal  valve  and  incijiient 


CLASS  II 


BEACHIOPODA 


295 


size, 


and  usually  come  in  contact 


deltidium  appear  first,  being  secreted  by  tbe  rudimentary  dorsal  mantle  and  the  dorsal 
surface  of  the  body,  the  latter  subsequently  becoming  the  pedicle.  The  ventral  valve 
is  formed  last,  but  is  widely  separated  from  the  dorsal.  Between  the  two  valves  is 
placed  the  short  and  thick,  but  as  yet  unattached  pedicle,  on  the  dorsal  surface  of 
which  the  third  plate,  known  as  the  prodeltidiim,  still  remains.  Shortly  before  the 
animal  becomes  fixed  by  the  pedicle,  the  prodeltidiuni  fuses  with  the  posterior  margin 
of  the  ventral  valve.  The  pedicle  is  at  this  stage  entirely  surrounded  Ijy  shell,  being 
enclosed  on  one  side  by  the  ventral  valve,  and  on  the  other  by  the  deltidium.  The 
latter  plate  then  continues  to  grow  as  one  piece,  extending  from  the  apex  in  an 
anterior  direction,  and  is  secreted  entirely  by  the  pedicle  (Fig.  504).  The  del- 
tidiuni  is  never  punctate  in  structure,  but  it  may  bear  spines  (Aulosteges),  and  some- 
times exhibits  a round  or  pedicle  perforation  {Glitamhonites).  The  deltidium  is 
characteristic  of  the  Protremata,  but  it  is  also  developed  in  some  of  the  Neofrewafa 
(Acrotretacea).  This  covering  of  the  delthyrium  is  always  present  in  the  young  of  the 
Protremata,  but  is  absent  in  the  Telotrcmata.  In  many  of  the  Protremata  {Orthidae, 
etc.),  the  deltidium  is  only  present  in  nepionic  stages  of  the  individual,  being 
resorbed  at  maturity;  but  in  the  great  majority  of  these  forms  it  remains  persistent 
throughout  life.  In  numerous  Telotrcmata,  the  deltidial  plates  unite  medially  at 
maturity,  when  they  may  resemble  a true  deltidium. 

Deltidicd  plates  occur  only  in  the  order  Telotremata,  and  consist  of  two  pieces, 
which  begin  as  narrow,  linear,  calcareous  jilates,  growing  medially  from  the  walls  of 
the  delthyrium.  They  gradually  increase  in 
medially  with  one 
another,  either  below 
or  above  the  pedicle 
foramen,  and  are 
secreted  by  an  exten- 
sion of  the  ventral 
mantle  lobe.  In  this 
respect  they  differ 
from  the  deltidium 
of  the  Protremata, 
which  is  secreted  by 
the  pedicle.  The 

deltidial  plates  are  never  present  in  the  earliest  growth  stages  of  the  shell,  the  delthyrium 
being  then  an  open  triangular  fissure  through  which  the  pedicle  is  protruded.  In  the 
adult  stage  the  deltidial  plates  may  remain  as  narrow,  linear,  discrete  plates  (Fig. 
493,  B)  ; may  meet  beneath  the  pedicle  foramen  (Fig.  498)  ; or  they  may  wholly 
enclose  the  pedicle  (Fig.  493,  A).  The  deltidial  plates  frequently  unite,  when  they 
closely  resemble  a true  deltidium  {Cyrtia,  Cyrtina,  Fig.  492)  ; they  are  then  termed  a 
pseudodeltidium. 

The  cliilidium  is  a convex  plate  which  often  covers  the  cardinal  process  of  the 
dorsal  valve  in  the  Protremata.  It  is  particularly  well  developed  in  the  families 
Clitamhonitidcte  and  Strophomenidae  (Fig.  538,  B).  The  chilidium  is  not  to  be  homologised 
with  the  deltidium,  since  it  never  appears  earlier  than  the  adolescent  stage,  and  is 
apparently  a secretion  of  the  dorsal  mantle  lobe.  Both  its  origin  and  phjdetic  signi- 
ficance are  therefore  very  different  from  those  of  the  deltidium. 

The  listrium  is  a plate  closing  the  progressive  track  of  the  pedicle  opening  or 
pedicle  cleft,  in  some  Keotremata,  posterior  to  the  apex  of  the  ventral  valve. 

Internal  Characters  of  the  Shell : Articulation. — The  two  valves  are 
held  in  apposition  either  by  muscles  only  {Afrematce  and  Keotremata),  or  they 
are  united  by  articulation  [Protremata  and  Telotremata).  In  the  latter  case 
there  are  to  be  seen  in  the  ventral  valve  a pair  of  cuneate  or  tooth-shaped 


Fig.  493. 


B,  Terehratella  dorsoto. 


A,  Rhynclionella  ves-pertilio,  witli  united  deltidial  plates, 
with  discrete  deltidial  plates.  C,  Young  specimen  of  Stringocephalus  Burtoni,  with 
the  ileltidial  plates  united  above  the  foramen. 
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projections,  one  on  either  side  of  the  delthyrium,  called  the  hinge-teeth  (Fig. 
498,  ij),  Avhich  fit  into  the  so-called  dental  sockets  of  the  dorsal  valve.  Articu- 
lation is  also  aided  by  the  cardinal  process,  which  is  a more  or  less  well- 
developed  apojrhysis  of  the  dorsal  valve,  and  is  received  between  the  teeth  of 
the  ventral  valve.  By  the  contraction  of  the  muscles  attached  to  the 
cardinal  process,  the  valves  are  opened  along  the  anterior  and  lateral 
margins ; Imt  when  shut,  the  test  entirely  encloses  the  soft  parts  of  the 
animal. 

The  dental  sockets  are  bounded  on  the  inside  by  hinge-plates  (Fig.  498,  A), 
which  are  often  supported  b>y  vertical  or  inclined  septal  pilates  extending  to 
the  bottom  of  the  shell.  The  teeth  of  the  ventral  valve  are  sometimes 
supported  by  lamellae  known  as  the  denial  j)lates.  In  addition  to  the  dental 
plates,  Avhich  frequently  attain  considerable  size,  there  may  be  a median 


A l:  c J) 


Kig.  4114. 

I )illt,'reiit  forms  of  br.ioliidia.  .4,  UJiiinrhondla : tieshy  arm.s  supported  by  two  simply  curved  crura.  /<,  The- 
cnspir<i ; inwardly  coiled  double  spires,  or  spiralia.  C\  Nuclcospira  ; and  Id , Curti no  ; outwardly  coiled  spiralia. 
E-H,  Loops  of  Bracliiopods.  A’,  Centrondlo  ; E,  TJiclo6iiio_ ; (J,  Terchnddla ; H,  Megathyris. 

septnm  of  variable  proportions.  This  may  begin  beneath  the  beak  of  the 
valve,  and  may  sometimes  extend  as  far  as  the  anterior  margin  (Fig.  498,  A). 
Some  forms  are  also  provided  with  lateral  septa  (Thecidiidae). 

Brachial  supports. — Of  sitecial  systematic  importance  are  the  hrachidia,  or 
internal  skeleton  of  the  fleshy  arms  (Fig.  494),  which  occur  in  the  Spiriferacea 
and  Terchratulacea.  The  hrachidia  are,  as  a rule,  united  basally  with  the 
crura,  and  are  extremely  variable  in  form.  They  usually  pass  through  a 
more  or  less  comjtlex  series  of  metamorphoses  during  the  growth  of  the 
individual,  and  do  not  attain  their  complete  development  until  the  animal  has 
reached  maturity. 

The  simplest  form  of  brachial  supports  is  found  in  the  Ithgnchonellacea  and 
Pentarncracca,  where  it  consists  of  two  short,  or  only  moderately  long,  curved 
processes  called  the  crura  when  discrete,  and  cruredium  when  the  plates  are 
united.  The  crura  are  attached  to  the  hinge-plates.  The  cruralium  is 
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formed  by  the  union  of  the  crural  plates  in  the  Fentameracea.  It  serves 
for  the  attachment  of  muscles,  and  may  either  rest  upon  the  bottom  of  the 
valve,  or  may  be  supported  liy  a median  septum.  When  the  crura  remain 
separate,  and  are  therefore  not  for  muscular  insertion,  they  are  homologous 
with  and  the  equivalent  of  the  crura  in  the  Pih.ynchonellidae. 

In  the  Spiriferacea,  two  thin,  spirally  coiled  riblions,  or  spiralia,  are 
attached  to  the  crura  ; the  coils  exhibiting  great  diversity  in  form,  in  the 
number  of  volutions,  and  in  the  direction  of  the  hollow  cones  (Fig.  494, 
B,  C,  D).  The  spiralia  are  usually  joined  by  a transverse  baud  or  jitgum  (Fig. 
494,  D).  When  the  latter  is  discontinuous,  the  parts  are  called  the  jugal 
processes.  The  bifurcations  of  the  jugum  may  enter  between  the  convolu- 
tions of  the  spiralia,  and  may  be  continuous  wuth  them  to  their  outer  ends, 
forming  what  is  termed  a double  spiral  or  diplospire  (Fig.  494,  B).  In  the 
Terebrahilidae,  the  brachia  are  also  attached  to  the  crura,  and  form  free, 
shorter,  or  longer  loops,  which  depend  toward  the  anterior  margin  (Fig.  494, 
E,  F,  G).  The  two  descending  branches  may  either  unite  directly  or  may  be 
joined  by  a transverse  hand;  or  the  descending  branches  may  recurve,  continue 
upward  as  ascending  branches,  and  be  connected  posteriorly  by  a transverse 
band.  In  the  Terebratellidae,  during  all  or  some  portion  of  the  animal’s 
existence,  the  loops  are  attached  to  a median  septum  by  outgrowths  from 
the  descending  lamellae.  In  the  Stringocephalidae  and  Megathijrinae  (Fig. 
494,  H),  the  descending  branches  are  parallel  to  the  lateral  margins  of  the 
shell,  and  unite  along  the  median  line  ; but  in  some  degenerate  species,  the 
loop  is  represented  by  a transverse  band  situated  centrally  on  the  median 
septum.  The  entire  form  of  the  brachidia  is  manifestly  dependent  upon  the 
character  of  the  convolutions  of  the  fleshy  arms.  In  recent  Bhgnchonellae 
(Fig.  494,  A)  the  brachia  form  hollow  spiral  cones,  and  if  we  imagine  these 
as  supported  by  a calcareous  framework,  the  result  will  lie  the  form  of 
support  seen  in  the  Atrypidae.  The  fleshy  arms  of  the  Terebratellidae  are 
continuous  with,  and  have  at  first  the  form  of  the  loop,  but  later  develop  a 
coiled  median  arm.  Here  the  loops  only  have  calcareous  supports  ; but  in 
the  Spiriferacea,  the  entire  brachia  are  provided  with  an  internal  calcareous 
skeleton. 

The  changes  in  the  form  of  the  brachiilia  in  the  Telot rernata  during  the 
ontogenetic  stages  of  the  individual  furnish  very  important  data  in  regard 
to  the  relationships  existing  between  the  different  groups.  In  the  Spiri- 
feracea,, not  only  do  the  number  of  convolutions  of  the  spirals  increase  with 
age,  but  the  brachidia  begin  with  Centronella-  and  Dielasma-Wke  loops,  from 
the  outer  ends  of  which  the  spires  are  developed.  Still  more  striking  are 
the  metamorphoses  which  the  loops  of  the  Te rebrat ulacea  undergo.  According 
to  Oehlert  and  Beecher,  the  loop  of  the  living  austral  genus  MageVania  passes 
through  stages  which  correspond  successively  to  those  of  Gwgnia,  Cistella, 
Bouchardia,  Magas,  Magasella,  Terehratella,,  and  Magellania ; and  Fricle  has 
shown  that  the  metamorphoses  of  the  looii  in  the  boreal  form  Macandrevia 
cranium  correspond  in  succession  to  the  genera  Flatidia,  Ismenia,  Muldfcldtia, 
Terebratalia,  and  Macandrevia. 

A knowledge  of  the  character  of  the  brachidia  in  the  Spiriferacea  and 
Terebratidacea  is  almost  always  requisite  for  critical  generic  determinations. 
But  an  examination  of  the  interior  of  the  shell  in  fossil  Brachiopods  often 
involves  great  difficulties,  owing  to  the  infiltration  of  calcite,  or  the  filling  up 
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of  the  shell  cavity  -with  sediment.  Not  infrequently  the  shell  and  the 
brachidia  are  secondarily  replaced  by  quartz  ; and  if  the  interior  tilling  matter 
be  dissolved  away  by  dilute  hydrochloric  acid,  exquisite  preparations  may  be 
obtained,  often  revealing  the  minutest  details.  Sometimes  hollow  shells  are 
found,  in  which  the  brachidia  are  well  preserved ; Imt  these  structures 
generally  are  more  or  less  encrusted.  It  is  often  necessary  to  remove  the 
ventral  valve,  when  the  infiltrated  material  can  be  cut  away  by  the  use  of 
proper  tools.  Success  in  manipulations  of  this  kind  requires  not  only  con- 
sideralile  dexterity,  but  the  conditions  of  preservation  must  have  been  very 
favouraljle.  The  brachidia  must  be  perfectly  preserved,  and  the  surround- 
ing matrix  must  admit  of  l)eing  removed  without  injury  to  the  specimen. 
AVhen  other  expedients  fail,  recourse  can  still  be  had  to  polishing,  the  shell 
being  gradually  ground  down  1)v  abrasion  with  emery  powder  on  a glass 
plate.  The  beaks  are  first  ground  away,  until  the  first  traces  of  the  crura 
appear ; the  surface  is  then  cleaned  and  kept  moistened  while  a careful 
drawing  is  made.  Grinding  is  resumed  for  a short  interval,  when  the 
surface  is  again  cleansed  and  drawn.  This  jirocess  is  repeated  until  the 
sections  include  the  entire  l)rachial  support.  From  the  series  of  transverse 
sections  thus  obtained,  the  brachidium  can  be  ideally  reconstructed. 

The  spondi/liitm  is  an  internal  ventral  ])late  traversing  the  posterior 
portion  of  the  valve  (Fig.  538,  6').  On  the  superior  surface  of  the  plate  are 
inserted  the  adductors,  diductors,  and  the  ventral  pedicle  muscles.  Beneath 
the  spondylium,  which  may  lie  supported  by  a median  septum,  are  situated 
the  reproductive  organs.  The  plate  is  homologous  with  the  solid  or  ex- 
cuvated  pi  a ff or  m of  the  Atrernata  {Trimcrcllidae  and  Lingnlasinafidae). 

The  Animal : Manfle. — Lining  the  entire  inner  surface  of  the  shell  is  a 
thin,  transparent  memlirane,  which  apiiears  in  the  embryonic  condition  as 

two  distinct  lobes  of  the  thoracic  segment  in  the 
Cephalula  stage.  This  is  the  mantle  or  ptallium, 
which  is  primarily  concerned  in  the  secretion  of  the 
shell.  In  Crania  it  consists  of  three  layers  ; a middle 
cartilaginous,  an  inner  ciliated  one,  and  an  outer 
layer  of  cells.  The  layer  l3'ing  against  the  surface 
of  the  shell  is  often  studded  with  minute  caeca  or 
blind  tubes,  'which  enter  the  perforations  of  the  test. 
The  mantle  (or  certain  of  its  lajmrs)  is  folded  upon 
itself  at  various  points,  enclosing  cavities  or  pcdlial 
sinuses,  which  contain  the  circulating  fluids,  and 

frequently  portions  of  the  rjenital  organs.  Distinct 
impressions  of  these  sinuses  are  often  observable  in 
the  valves  of  both  recent  and  fossil  specimens  (Fig. 
495).  In  all  the  greater  sinuses  of  the  mantle,  in  the  perivisceral  cavity, 
and  in  the  cavernous  lirachia  and  cirri,  occur  calcareous  spicules  of  various 
shapes.  These  are  especiall}'  abundant  in  the  Thecidiidae,  and  form  an 

irregular  mass  or  network.  They  appear  to  be  absent  in  Magellania, 

Terehratella,  and  Lingula.  The  outer  margins  of  the  mantle  are  thickened 

and  set  with  numerous,  chitinous,  simple,  or  barbed  setae,  sometimes  of  great 
length. 

The  shell  cavity  is  divided  by  a vertical  membranous  wall,  which  is  an 
extension  of  the  mantle,  into  two  regions : a posterior,  or  tiscercd  cavity. 


Cmnarophorw  Hinnhletoncnsi!:;, 
Howse.  IVnman  ; Huinhleton, 
Emilaiid.  Cast  sliowing  iiniires* 
sions  of  pallial  sinuses  (aftor 
Davidson). 
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and  an  anterior,  or  brachial  cavity.  The  posterior  cavity  contains  the 
principal  viscera,  the  alimentary,  circulatoiy,  nervous,  and  muscular  systems. 
The  anterior  chamber  is  occupied  by  the  arms. 

Organs  of  the  visceral  cavity. — The  membranous  partition  is  pierced  cen- 
trally by  the  oval  or  slit-like  mouth,  from  which  the  digestive  tube  extends 
backwards  as  a simple  or  bent  canal.  In  inarticulate  species,  the  alimentary 
canal  is  very  long,  makes  several  convolutions,  and  terminates  in  a well- 
defined  anus,  situated  on  one  side  of  the  animal.  In  the  1‘rotremata  and 
Telotremata,  the  digestive  tube  is  shorter  and  much  simpler  than  in 
Atremata  and  Neotremaia.  The  intestine  makes  a single  convolution 
terminates  blindly  in  the  living  representatives  of  these  orders,  being 
rounded  by  large  hepatic  lobes.  In  many  Palaeozoic  species  it  probably  did 
not  terminate  blindly,  since  the  intestine  passed  through  the  hinge-plate  by 
a central  foramen.  There  is  no  heart,  circulation  being  apparently  main- 
tained by  the  cilia  lining  the  vascular  sinuses.  These  sinuses  pass  into  the 
perivisceral  chambers,  and  are  developed  into  vascular  dilations  at  the  back 
of  the  stomach  and  elsewhere.  These  bodies  are  not  contractile,  and  their 
function  is  unknown.  Two  numerously  branched  vascular  trunks  diverge 
from  the  anterior  portion  of  the  perivisceral  chambers,  traversing  the  mantle 
in  either  valve  to  its  margins,  and  several  others  pass  over  the  fleshy  brachia 
for  their  entire  length.  The  nervous  system  consists  of  a circum-oesophageal 
ring  on  which  two  supra-oesophageal  ganglia  are  inserted.  From  the  swell- 
ings of  the  oesophageal  ring  (notably  from  that  on  the  lower  side),  nerve 
fibres  are  given  off  to  the  brachia,  muscles,  pedicle,  and  the  two  lobes  of  the 
mantle.  In  adult  Brachiopods,  sense  organs  are  not  known  with  certainty  ; 
but  in  the  embryos  such  are  believed  to  be  present.  So  far  as  is  known 
the  sexes  are  always  separate.  The  sexual  organs  in  both  male  and  female 
are  located  essentially 
alike,  and  have  a paired 
arrangement.  Generally 
they  occupy  the  main 
trunks  of  the  vascular 
sinuses,  but  may  ex- 
tend into  the  visceral 
chamber,  or  in  some  of 
the  inarticulate  forms, 
may  be  restricted  to  the 
latter. 

The  brachial  cavity. — 

The  greater  part  of  the 
anterior,  or  brachial 
cavity  is  occupied  by 
the  spirally  enrolled  labial  appendages,  the  so-called  arms,  or  hrachia.  These 
are  two  in  number,  one  at  each  side  of  the  mouth,  and  are  of  extremely 
delicate  constitution  (Figs.  496,  497,  and  494,  A).  The  tissue  of  which 
they  are  composed  is  essentially  cartilaginous,  and  is  traversed  by  several 
circulatory  canals  as  well  as  by  a groove.  The  outer  edges  of  the  brachia 
with  long  and  movable  cirri  or  tentacles,  by  means  of  which 


Fig.  496. 

Liothyrina  vitrea, 
Linn.  sp.  Recent. 
Fleshy  brachia  simply 
recurved. 


Fig.  497. 

ifagellania  flavescens,  Val. 
section,  slightly  enlarged,  c 
h.  Fringed  bracliial  margin  ; pr,  Cardinal  process  ; 
z,  Alimentary  canal ; r,  Moutii ; ss.  Septum  ; a, 
Adductors  ; c,  r',  Diductors  (after  Davidson). 


Median  vertical 
Spiral  brachia : 


fringed 


are 

currents  are  set  up  that  conduct  small  food  particles  to  the  mouth.  The 
arms  are  frequently  supported  by  a slender  calcareous  framework  called 
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the  brachial  supports,  or  hrachidia,  described  above.  There  are  no  special 
respiratory  organs,  the  blood  lieing  oxygenated  in  the  inner  surface  of  the 
mantle  and  in  the  spiral  arms,  where  it  is  brought  into  close  osmotic  relation 
with  the  water. 

Muscular  sysfern. — By  means  of  muscles  Brachiopods  are  enabled  to  open 
and  close  their  valves,  and  to  a limited  extent  can  protrude  and  retract  the 
pedicle.  In  the  articulate  forms  {Frotremata  and  Telofremata)  there  are  three 
sets  of  muscles — namely,  the  didacfors,  which  by  contraction  open  the  valves  ; 
the  adductors,  which  by  contraction  close  the  valves  ; and  the  -pedicle  muscles, 
or  adjustors,  which  also  by  contraction  withdraw  the  pedicle.  The  points  of 
attachment  of  these  muscles  leave  more  or  less  distinct  impressions  in  the 
valves  of  both  recent  and  fossil  Brachiopoda,  and  the  subject  is  therefore 
worthy  of  careful  examination. 


The  adductor,  or  closing  muscles  are  attached  on  either  side  of  tlie  median  line 
in  the  dorsal  valve,  and  leave  two  elongate  scars  lying  immediately  to  the  right  and 

left  of  the  median  line, 
enclosed  lietween  the 
diductors  (Fig.  498,71,  a). 
These  muscles  extend 
almost  directly  from  one 
valve  to  the  other,  and 
as  each  muscular  band  is 
once  divided,  their  inser- 
tions on  the  doi’sal  valve 
are  (piadruple.  Their 
imiiressions  on  this  valve 
are  known  as  the  anterior 
and  posterior  adductors 
(Figs.  498,  A,  B,  a,  aj. 

The  jirincipal  diduc- 
tors, or  ojiening  muscles, 
originate  at  the  anterior 
ventral  edge  of  the  vis- 
ceral area,  and  on  either 
side  of  the  median  line  ; 
the  scars  of  tliese  muscles  being  usually  the  largest  and  deepest  of  any  in  the  animal. 
Tliey  ta])er  rapidly  in  crossing  tlie  interior  cavity,  and  their  small  extremities  are 
attaclied  to  the  anterior  portion  of  the  cardinal  process.  There  are  also  inserted  on 
the  cardinal  ])rocess,  behind  the  principal  diductors,  two  much  smaller  muscular  bands, 
wliich  are  called  the  accessory  diductors.  Their  attachment  on  the  ventral  valve  is 
represented  by  two  feeble  scars  in  the  posterior  part  of  the  muscular  region,  but  the.se 
are  rarely  observable  in  fossil  .specimens  (Fig.  498,  A,  B,  d). 

When  a functional  pedicle  is  present,  tliere  are  found  in  addition  to  the  valvular 
muscles  two  pairs  (one  to  each  valve),  and  a single  unpaired  muscle  ; tliese  are 
attached  to  the  pedicle,  and  are  called  the  pedicle  muscles  (Fig.  498,  B,p,2)").  The  pair 
in  the  ventral  valve  originates  immediately  outside  of  and  posterior  to  the  adductors 
and  diductors  ; the  pair  in  the  dorsal  valve  is  attached  behind  the  posterior  adductors  ; 
and  the  unpaired  muscle  lies  at  the  base  of  the  pedicle  in  the  ventral  valve.  Only 
the  latter  unpaired  band,  as  a rule,  leaves  a perceptible  scar  in  fossil  specimens. 

The  entire  muscular  system  in  the  Brotreriadn  and  Telotremata  works  with  the 
utmost  precision.  The  cardinal  process  is  received  between  the  teeth  of  the  ventral 
valve  in  such  a manner  as  to  allow  the  dorsal  valve  to  swing  freely  in  the  median 


MiifjeUitnia  jfiivescaiSy  V2i\.  Recent  ; Australia  (after  Davidson)-  A,  Dorsal 
valve.  Jj,  Ventral  valve.  T),  Deltidial  plates.  F,  Foramen.  .S,  Loop,  pr, 
Cardinal  process;  .r,  Hin^e-plate;  r,  Hinge-teeth;  a,  o.',  Impressions  of 
a<lductors  ; d,  d',  Di<luctors  : p,  p\  Pedicle  muscle.s. 
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vertical  plane  as  on  hinges,  and  at  the  same  time  prevents  motion  in  a 
direction.  The  diductors,  being  attached  to  the  cardinal  process,  act  upon 
arm  when  they  contract,  thus  opening  the  valves, 
while  the  contraction  of  the  adductors  serves  to  close 
them  (Fig.  497). 

In  the  Atremata  and  Neotremata  the  muscles  are 
arranged  differently,  and  are  often  more  complicated 
and  numerous,  as  articulation  is  usually  not  present 
in  these  orders.  The  greatest  complexity  is  attained 
in  Lingula  (Fig.  499),  because  these  animals,  in 
addition  to  the  absence  of  articulation,  slide  their 
valves  laterally. 


lateral 
a lever 


Lingula  anatina,  Brug.  Recent. 

A,  Sliell  with  pedicle,  natural  size 

B,  Interior  of  ventral  valve  show- 
ing muscular  impressions ; a.  Ad- 
ductors ; c,  Protractors ; p,  Re- 
tractors ; 0,  Pedicle  muscle. 


Ontogeny. — The  development  of  Brachio- 
pods  from  the  egg  to  maturity  may  be  divided 
into  two  periods  : (a)  stages  of  growth  from  the 
egg  to  that  condition  in  which  the  animal  is 
recognisable  as  possessing  some  distinctive  class 
characters ; and  {b)  from  the  first  shelled  condi- 
tion, or  protegulum,  to  maturity  and  old  age. 

Our  knowledge  of  the  earliest  embryonic  condi- 
tions is  restricted  to  Terehratulina,  Liothyrina,  Gistella, 
and  Tliecidea.  After  fertilisation  the  larvae  may  remain 
attached,  and  pass  their  early  stages  within  the  parent ; 
or  they  may  develop  cilia  before  segmentation,  and  be 
set  free  in  the  pallial  chamber  or  in  the  sea-water. 

The  free  larvae  swim  by  the  aid  of  cilia  with  a twirling  motion.  There  are  five  well- 
marked  stages  of  growth  before  the  larvae  can  be  definitely  recognised  as  Brachiopods. 
These  are  : (1)  The  Protembnjo,  which  includes  the  ovum,  its  segmented  stages  preced- 
ing the  formation  of  a blastula,  or  primary 
internal  cavity  (Fig.  bOO,A,B)  ; (2)  the  Mes- 
emhryo,  or  blastosphere,  a multi-segmented  larva 
with  an  internal  cavity  (Fig.  500,  (7)  ; (3)  the 
Metemhryo,  or  gastrula  stage  (Fig.  500,  I))  ; 

(4)  the  Neoembrxyo,  or  segmented  ciliated 


Fio.  501. 

CisteUa  NcnpoHtcma,  Schacchi.  A,  Neoembryo  ; 
embryo  of  two  segments.  R,  Neoeiiibryo  ; cejjlia- 
lula,  ventral  side,  sliowing  cephalic,  thoracic,  and 
caudal  segments,  eye-spots,  and  bundles  of  setae. 
G,  Neoembryo ; lateral  view  of  completed  cephalula 
stage,  showing  extent  of  dorsal  (d)  and  ventral  (r) 
mantle  lobes,  and  umbrella-like  cephalic  segment. 
(.4  and  B after  Kovalevski,  C after  Shipley  ; all 
reproduced  from  drawings  by  Beecher.) 


Fig.  500. 

CisteUa  Neapolitana,  Schacclii.  Recent.  A, 
Protembryo ; unsegmented  ovum.  B,  Protembryo ; 
ovum  composed  of  two  spheres.  C,  Mesembryo  ; 
blastosphere.  D,  Metembryo ; Gastrula  (after 
Shipley,  from  Beecher). 


Cephalula,  which  consists  at  first  of  a cephalic  lobe,  bearing  eyes  in  Cidellu,  and  a 
caudal  lobe,  to  which  is  added  later  a thoracic  segment  carrying  four  ljundles  of 
setae.  At  the  same  time  the  dorsal  and  ventral  sides  of  the  latter  segment  become 
extended  over  the  caudal  lobe,  and  are  progressively  defined  as  two  lobes  (Fig.  501)  ; 
(5)  the  Typembrxjo,  or  larval  stage,  in  which  the  dorsal  and  ventral  thoracic  lobes, 
or  mantle,  fold  over  and  enclose  the  cephalic  lobe  (Fig.  502,  B).  Upon  the  mantle 
lobes,  either  before  or  after  turning,  there  is  a corneous  integument  which  develops 
into  the  protegulum  before  the  formation  of  the  true  shell.  The  caudal  segment 
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becomes  the  pedicle,  and  may  in  this  stage  serve  to  attach  the  larvae  to  foreign  objects, 
or  the  pedicle  may  remain  undeveloped  for  a time.  A rudimentary  digestive  tract  is 
present,  and  also  four  pairs  of  muscles,  which  later  become  the  adductor,  diductor,  and 
ventral  pedicle  muscles. 

In  the  Fhylemhryo  the  embryonic  shell,  or  irrotegulum,  is  completed ; the  tentacular 
lobes  of  the  lophojihore,  or  brachia,  appear ; the  four  bundles  of  setae  are  dehisced ; 
obsolescence  of  the  eyes  occurs,  as  well  as  the  agree- 
ment of  the  muscular  system  with  that  in  adult  forms. 

The  protcyuhim  has  been  observed  by  Beecher  in 
many  genera,  representing  nearly  all  the  leading 
families  of  the  class,  and  therefore  it  may  be  inferred 
that  the  protegulum  is  common  to  all  Brachiopods. 

It  is  semi-circular  or  semi-elliptical  in  outline,  with  a 

A B 


Fig.  502. 

Cistclln  ycupolitnnn , H(ihs.ec\\\.  .4,  Neoembryo;  completed  ceplia- 
lula  stage.  B,  TypcTiibryo  ; transformed  larva  resulting  from  folding 
iipwards  of  mantle  lobes  over  cephalic  segment ; ud,  Muscles  from 
bundles  of  setae  to  siiles  of  body  cavity  ; di,  JIuscles  from  dorsal  to 
ventral  .sides  of  body  ; vp.  Muscles  from  ventral  side  of  body  to  caudal 
segnient  or  pedicle  (after  Kovalevski,  from  Beecher). 

straight  or  arcuate  hinge- line,  and  no  cardinal  area, 
throughout  its  development  the  main  features  of  the  protegulum,  and  showing  no 

separate  or  distinct  stages  of  growth,  is 
represented  by  the  genus  Paterina  (Fig. 
505). 

So  far  as  observed,  the  iirotegulum, 
or  Paterina  stage,  in  the  Atremata  and 
Telotremata  is  followed  by  the  Obolella 
stage  of  nearly  circular  outline.  After 
this  stage,  specific  characters  appear,  and 
in  the  open  delthyrium  of  the  Telotremata 
there  are  usually  developed  the  first  rudi- 
ments of  the  deltidial  plates.  In  the 
Protremata,  the  Paterina  stage  is  not 
followed  by  the  Obolella  stage,  but  the 
wide  delthyrium  of  the  protegulum  is  at 
once  affected  and  modified  by  the  prodeltidium,  which  develops  into  the  deltidium. 
In  the  Acrotretacen,  belonging  to  the  N eotrernata,  there  is  often  developed  a true 
deltidium,  showing  the  close  relationship  of  the  order  with  the  Protremata,  and  the 
dissimilarity  of  these  two  orders  to  Atremata  and  Telotremata.  In  the  Discinacea, 
belonging  to  the  Xeotremata,  the  pedicle  opening  is  an  open  notch  in  the  posterior 


A n c 


ThecidUi  (lyrrrizeUa)  Mediterranea,  Risso.  Recent. 
.4,  Dorso  - ventral  longitudinal  section  of  ceiilialula ; 
ft,  Head  ; d.  Dorsal  mantle  lobe  ; v.  Ventral  mantle  lobe  ; 
ds,  Beginning  of  dorsal  valve  ; del,  .Shell  plate  forming 
on  dorsal  side  of  body  ; p,  Pedicle.  B,  Uorso-ventral 
longitudinal  section  of  iypembryo ; vs,  Ventral  valve  ; 
ft;,  Hinge-line  of  dorsal  valve.  C,  Adult  specimen  seen 
from  the  dorsal  side,  showing  ventral  area  and  deltidium. 
(.4  and  B after  Kovalevski ; C after  Beecher.) 


A 


Cistella  Neapolikuia,  Schacchi. 
A,  Pliylembryo;  Brachiopod  show- 
ing shell  (protegulum),  beginning 
of  tentacles  of  lophophore  (!),  ob- 
solescence of  eye-spots,  and  forma- 
tion ofoesopliagus ; t,  Hinge-teeth  ; 
vp.  Ventral  pedicle  muscles.  B, 
Nepionic  Brachiopod,  sliowing 
distinct  tentacles  of  lophopliore, 
mouth  and  stomach,  and  trans- 
formation of  muscles  from  typem- 
bryo  ; ad,  Adductors  ; di,  Divari- 
cators  ; vp,  Ventral  pedicle  muscles 
(after  Kovalevski,  from  Beecher). 

The  prototype  preserving 
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margin  of  the  ventral  valve.  In  derived  forms  this  is  jirogressively  closed  posteriorly  ; 
geologically  in  the  phylum,  and  ontogenetically  in  the  latest  derived  individuals. 

Habitat  and  Distribution. — Brachiopods  are  usually  gregarious  in 
habit,  often  growing  in  clusters  attached  to  one  another.  This  is  not  only 
true  of  recent  species,  but  of  Palaeozoic  forms  as  well.  Brachiopods  are  found 
in  all  latitudes  and  at  all  depths,  occurring  most  abundantly  between  tides 
and  278  fathoms.  Liothyrina  JFyvillii  was  dredged  from  the  enormous  depth 
of  2945  fathoms.  TerehratuUna  caymt- serpent  is  ranges  from  a few  fathoms  to 
a depth  of  1195  fathoms. 

Brachiopods  are  most  prolific  in  warmer  seas,  the  Japanese  province  having 
nearly  thirty  species.  As  a rule,  those  occurring  in  cold  waters  are  not  found 
in  warm  waters.  Oehlert  has  shown,  however,  that  a few  species  are  world- 
wide in  their  distribution  {Liothyrina  vitrea,  var.  minor  and  TerehratuUna  capnd- 
serpentis),  and  that  they  also  have  great  bathymetric  range.  Some  generally 
distributed  Palaeozoic  species  are  Atrypa  reticularis,  LepAaena  rhomboidalis,  and 
Produdus  semireticulatus. 

Migration  of  Brachiopods  is  possible  only  during  the  early  larval  stages, 
and  then  to  a very  limited  extent.  Morse  observed  that  TerehratuUna  became 
attached  in  a few  days,  but  Muller  kept  Discinisca  in  confinement  nearly  a 
month  before  any  became  sessile.  Deep-sea  Brachiopods  are  usually  thin- 
shelled,  brittle,  and  translucent. 

Colour. — “ The  shells  of  most  living  species  are  of  light  or  neutral  tints, 
white  or  horn-colour.  A deep  orange-red  in  radiating  bands  or  in  solid  tints, 
colours  some  species  {TerehratuUna,  Kraussina,  etc.)  ; light  yellows,  deep  and 
light  shades  of  green  {Lingula),  black  in  bands  {Crania),  or  masses  {LlhynchoneUa) 
embellish  these  shells.  Even  among  the  fossil  species  traces  of  faded  colour- 
marks  are  occasionally  observed ; Deslongchamps  has  described  them  among 
Jurassic  species,  Davidson  among  the  Carboniferous,  and  Kayser  has  found  a 
colour-marked  JRhynchonella  in  the  Devonian.  The  large  highly  ornamented 
species  of  Palaeozoic  times,  Avith  their  external  sculpture  heightened  by  a 
brilliant  colouring,  must  have  been  objects  of  excpiisite  beauty”  (Hall  and 
Clarke). 

Classification. — The  Brachiopoda,  since  1858,  have  been  divided  by 
nearly  all  systematists  into  tivo  orders,  based  on  the  presence  or  absence  of 
articulating  processes.  These  divisions,  “ Articules  and  Libres,”  Avere  recog- 
nised by  Deshayes  as  early  as  1835,  but  not  until  tAventy-three  years  later 
Avere  the  names  Lyopomata  and  Arthropornata  given  them  by  OAven.  These 
terms  have  been  generally  adopted  by  Avriters,  though  some  prefer  Lnarticulata 
and  Articulata,  Huxley,  or  Bronn’s  Ecardines  and  Testicardines.  Broun  (1862) 
and  King  (1873),  Avhile  retaining  these  divusions,  considered  the  presence  or 
absence  of  an  anal  opening  more  important  than  articulating  processes,  and 
accordingly  proposed  the  terms  Pleuropygia  and  Apygia,  and  Tretenterata  and 
Clistenterata  respectiAmly.  In  many  Palaeozoic  rostrate  genera  of  Clistenterata, 
it  has  been  shoAvn  that  an  anal  opening  Avas  also  present,  and  therefore  the 
absence  or  presence  of  this  organ  is  not  of  ordinal  value. 

The  first  attempt  to  construct  a classification  of  the  Brachiopods  Avas  that 
of  Leopold  von  Buch,  Avho  took  for  his  principal  differential  characters  the 
conformation  of  the  umbonal  region,  the  presence  or  absence  of  a pedicle,  the 
nature  of  the  deltidium,  and  the  external  form  and  ornamentation  of  the  shell. 
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While  his  classification  lacks  a perfect  understanding  of  the  features  in  question, 
it  is  remarkable  that  von  Buch,  nearly  sixty  years  ago,  and  Deslongchainps, 
twenty-eight  years  later,  recognised  some  of  the  principles  upon  which  the 
classification  of  the  Brachiopoda  is  now  established,  viz.  the  nature  of  the 
pedicle  opening. 

Up  to  1846  the  general  external  characters  of  the  Brachiopods  served  the 
majority  of  authors  as  the  essential  basis  for  generic  difierentiation.  In  that 
year,  however,  King  pointed  out  that  more  fundamental  and  constant 
characters  exist  in  the  interior  of  the  shell,  a fact  which  soon  came  to  be 
generally  recognised,  maiidy  through  the  voluminous  and  admirable  contribu- 
tions of  Thomas  Davidson. 

AVaagen  in  1883  found  it  “ absolutely  necessary  ” to  divide  Owen’s  two 
orders  into  seven  sub -orders.  The  basis  for  these  sub -orders  rests  on  no 
underlying  principle  of  general  application,  and  yet  five  of  these  divisions  are 
of  permanent  value,  for  each  contains  an  assemblage  of  characters  not  common 
to  the  others. 

Xo  classification  can  be  natural  and  permanent  unless  based  on  the  history 
of  the  class  {chronogenesis)  and  the  ontogeiig  of  the  individual.  However,  as 
long  as  the  structure  of  the  early  Palaeozoic  genera  remained  practically  un- 
known, and  the  ontogeny  wholly  unrevealed,  nothing  of  a permanent  nature 
could  be  attempted.  In  the  recent  and  very  excellent  volumes  by  Hall  and 
Clarke  (Palaeonfulugg  of  New  York,  vol.  viii.),  the  great  majority  of  the 
Palaeozoic  genera  are  clearly  defined.  The  ontogenetic  study  of  the  Palaeozoic 
species  was  initiated  in  1891  by  Beecher  and  Clarke,  followed  by  Beecher, 
and  more  recently  liy  Schuchert ; and  their  results  combined  with  those  derived 
from  the  study  of  the  development  of  some  living  species,  such  as  have  been 
published  by  Kovalevski,  Morse,  Shipley,  Brooks,  Oehlert,  Beecher,  and 
others,  confirm  the  conclusion  reached  through  chronogenesis.  Moreover,  the 
application  by  Beecher  of  the  law  of  morphogenesis,  as  defined  by  Hyatt, 
and  the  recognition  and  establishment  of  certain  primary  characters  have 
resulted  in  the  discovery  of  a fundamental  structure  of  general  application  for 
the  classification  of  these  organisms.  It  has  for  its  foundation  the  nature  of 
the  pedicle  opening  and  the  stages  of  shell  growth.  On  this  basis  Beecher 
(1891)  has  divided  the  class  into  four  oi'ders : the  Atrernata,  Neotremata,  Pro- 
treniata,  and  Telofremata. 

The  nature  of  the  pedicle  opening  being  employed  for  ordinal  divisions, 
persistent  internal  characters  of  the  shell  are,  as  a rule,  used  for  superfamily 
purposes.  Such  are  the  presence  or  absence  of  a spondylium,  brachial  supports, 
etc.  Family  divisions  are  based  upon  a combination  of  external  and  internal 
generic  characters,  such  as  the  outer  form,  nature,  and  position  of  muscles, 
internal  plates,  etc. 

Xo  division,  however,  has  any  value  unless  the  group  contains  forms  of 
Init  one  phylum,  since  a phylum  or  line  of  descent  cannot  originate  twice. 
However,  it  happens  that  the  same  or  nearly  the  same  combination  of  mature 
characters  is  developed  along  different  lines ; and  when  this  occurs  the 
ontogeny  will  show  it.  It  is  therefore  not  correct  to  group  different  stocks 
under  one  and  the  same  genus.  For  instance,  the  family  Terehratellidae 
probably  divided  during  early  Mesozoic  times,  one  stock  drifting  into  boreal 
and  another  into  austral  regions.  These  two  stocks  agree  structurally  in  the 
earliest  shelled  condition  and  also  at  maturity ; but  between  these  two  stages 
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of  growth,  the  austral  group  {Magellaninae)  passes  through  a ditfereiit  series 
of  loop  metamorphoses  from  the  lioreal  one  (Dallinae). 

It  was  by  the  application  of  the  above-mentioned  jirinciples  that  Schuchert, 
in  1893,  arranged  all  the  genera  of  Brachiopoda  under  the  four  orders 
instituted  by  Beecher.  Further  attention  has  since  been  given  to  this  subject 
by  the  same  writer,  and  the  classification  outlined  in  his  Si/nopsis  of  American 
Fossil  Brachiopoda  has  been  adopted  in  the  present  work. 


Order  1.  ATREMATA.  Beecher. 

Inarticulate  Brachiopoda  ivith  the  pedicle  ernerging  freelg  hetween  the  two  valves, 
the  opening  being  more  or  less  shared  Inj  both.  Groivth.  taking  place  mainhj  around 
the  anterior  and  latercd  margins,  never  enclosing  or  surrounding  the  pedicle.  Aperture 
immodified.  Prodeltidium  attached  to  dorsal  valve. 


Superfamily  1.  OBOLACEA.  Schuchert. 

Rounded  or  semi-cirodar,  and  more  or  less  lens-shcvped,  thick-shelled,  primitive 
Atrenuda,  fixed  by  a short  joedicle  throughout  life  to  extraneous  objects.  Caml^rian 
to  Silurian. 


Family  1.  Paterinidae.  Schuchert. 


Obolacea  with  nearly  semi-circular  vcdves  ivithout  cardinal  areas, 
and  with  the  entire,  gaping,  posterior  region  occupied  by  the  pedicle. 
This  is  the  simplest  shelled  condition  of  the  class,  and  is  repecded 
ontogenetically  as  the  protegulum,  or  initicd  shell,  pirobably  through- 
out the  class.  Cambrian. 

Paterina,  Beecher  (Fig.  505).  Of  this  North  American 
genus,  the  only  one  of  the  family,  about  six  species  are 
known. 


Kici. 


Puterina  Lahradoricd, 

Family  2.  Obolidae.  King.  Bill.  Cambrian;  near 

Georgia,  Vermont.  A, 

Thick-shelled  Obolacea,  of  nearlii  circular  or  ovoid  outline, 
biconvex,  usually  smooth,  and  with  rudimentary  cardinal  areas  specimen,  Rafter 
traversed  by  shcdlow  pedicle  grooves.  Muscular  scars  distinct, 
consisting  of  two  pairs  of  adductors  and  three  of  sliders,  or  adjustors.  Cambrian. 


Under  this  family  are  included  some  of  the  oldest  known  Brachiopods.  The 
family  is  abundantly  represented  in  the  Lower  and  Middle  Cambrian. 

Obolella,  Billings  (?  Dicellomus,  Hall).  Small,  oval,  or  round  shells,  with 


Obolus  AppoHuis,  Eichvv.  Cambrian;  St.  Petersburg,  Russia.  .-1,  Exterior 
of  dorsal  valve.  B,  C,  Interior  of  ventral  valve.  D,  Interior  of  dorsal  valve 
Natural  size. 


Fig.  507. 

Spondijloboli/s  cron  io- 
loris,  ]\I‘Coy.  Ordovician ; 
Ireland.  Natural  size 
(after  Davidson). 


narrow  cardinal  areas.  Dorsal  valve  usually  with  a rudimentary  hinge  facet. 
North  America  and  Europe. 
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Elkania,  Ford  {BilUngsia,  Ford).  Like  Obolella,  but  with  a small  platform 
in  the  dorsal  shell.  North  America. 

Obolus,  Eichwald  ( Ungula,  Pander  ; Ungulites,  Broun  ; Aulonotretci,  Kutorga  ; 
Acritis,  Schmidtia,  Volborth),  (Fig.  506).  Much  like  Obolella  externally,  but 
larger  and  with  more  prominent  cardinal  areas  in  both  valves,  Ventral  valve 
with  a median  septum  extending  to  about  the  centre  of  the  valve.  0.  Appolinis, 
Eichwald,  occurs  in  vast  numbers  in  the  Unguliten-Sandstein  of  Russia. 

Neobolus,  Waagen  ; India.  Botsfordia,  Matthew  ; New  Brunswick.  Spondyl- 
obolus,  M'Coy  (Fig.  507).  Ireland. 

Family  3.  Trimerellidae.  Davidson  and  King. 

Large,  thick-shelled,  inequivalved  Obolacea,  ivitli  the  ventral  cardinal  area  usually 
very  pjrominent,  triangular,  and  tranversely  striated.  Adjustor  ami  anterior  adductor 
muscles  elevated  upon  solid  or  excavated  platforms.  Cambrian  to  Silurian. 

Dinoholus,  Hall  {Conradia,  Hall ; Obolellina,  Billings).  Cardinal  area  not  so 
prominent  as  in  the  other  genera  of  this  family.  Platform  small,  with  abruptly 
conical  vaults.  Ordovician  and  Silurian ; North  America,  Great  Britain, 
Bohemia,  Gottland,  and  Esthonia. 

Monomerella,  Billings.  Similar  to  Trirnerella,  with  well-developed  platforms 


.4  J1  c D 


Fig.  50S. 

Trirnerella  Litxlstroemi,  BaW  up.  Silurian  ; Gottlaixl.  x l/o.  n,  Shell  seen  from  the  dorsal  side.  JJ,  C',  In- 
terior of  dorsal  and  ventral  valves,  respectively.  D,  Cast.  (.4  and  B after  Davidson  ; Cand  D after  Lindstrdin.) 


in  both  valves ; that  of  the  dorsal  valve,  however,  but  slightly  excavated. 
Silurian ; North  America,  Gottland,  and  Livonia. 

Trirnerella,  Billings  {Goflandia,  Dali),  (Fig.  508).  Platforms  long,  narrow, 
well -developed,  and  doubly  vaulted.  Dorsal  beak  often  thickened  into  a 
prominent  apophysis  extending  against  the  cardinal  slope  of  the  ventral  valve. 
Silurian  ; North  America,  Gottland,  and  Faro. 

Bhinobolus,  Silurian;  North  America.  (1)  Lahkrnina,  Oehlevt  {Bavid- 

sonella,  ’Waagen).  Lower  Cambrian  ; India. 

Superfamily  2.  LINGULACEA.  Waagen. 

Elongate,  thimshelled,  burrowing,  derived  Atrernata,  with  a more  or  less  long, 
worm-like,  tubular,  flexible  ptedicle.  Cambrian  to  Recent. 

Family  1.  Lingulellidae.  Schuchert. 

Spatulate,  inequivalved  Lingulacea,  structurally  intermediate  between  the  Oholidae 
and  Lingulidae.  Cambrian  and  Ordovician. 
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j This  family  contains  the  oldest  Linguloid  shells,  the  meiuhers  of  which  still  retain 

a ijrejmnderance  of  Oboloid  characters.  The  first  true  Limjalae  appear  in  the  Lower 
I Ordovician. 

Lingulella,  Salter.  Linguloid  shells  with  the  ventral  cardinal  area  more 
or  less  elevated  beyond  the  dorsal  shell,  and  bisected  medially  l)y  a narrow 
pedicle  furrow,  Cambrian;  North  America  and  Europe. 

This  genus  is  not  well  known,  and  the  species  referred  to  it  may  belong  to  two 
or  more  genera.  The  Lower  Cambrian  forms  have  decided  Obolelladike  muscular 
scars,  while  those  of  the  type  species  seem  to  be  more  in  harmony  with  Lingula. 

Lingulepis,  Hall.  Pedicle  valve  generally  much  produced  at  the  beak, 
with  no  distinct  cardinal  area  ; dorsal  valve  more  or  less  ovate.  Cambrian  ; 
North  America. 

Leptobolus,  Hall.  Very  small  Linguloid  shells,  with  w^ell-developed,  dis- 
I tinctly  grooved,  cardinal  areas  in  both  valves.  Interior  marked  by  two  or 
I three  diverging,  slightly  elevated  septa,  which  sometimes  are  someAvhat 
I bifurcated  terminally.  Ordovician  ; North  America. 

(?)  Paterula,  Barrande.  Ordovician ; Bohemia  and  North  America. 
(?)  Mickwitzia,  Schmidt.  Lower  Caml)rian  ; Sweden. 


Family  2.  Lingulidae.  Gray. 

ittenuate,  sub-quadrate,  or  spatulate,  almost  equivalved  Lingulacea,  with  a more 

or  less  long,  tubular,  flexible  pedicle.  Muscles 
higldij  dij[fere)diated  and  consisting  of  six  qjciirs, 
two  of  adductors,  and  four  of  sliders,  or  adjustors. 
Ordovician  to  Recent.  Maximum  develoj.)- 
ment  in  Ordovician,  declining  after  Devonian 
time. 

Lingula,  Bruguiere  (s.  g.  Glossina,  PhilL), 
(Figs.  509  and  510).  Shell  thin,  usually  com- 
pressed, glistening,  generally  smooth,  or  with 
fine,  concentric,  more  rarely  with  both  con- 
centric and  radial  striae ; bi'oad  over  the 

region,  tapering  more 


or  less  towuxrd  the  beaks. 
Ordovician  to  Recent.  Maxi- 
mum development  in  Silurian 
and  Devonian. 

Glottidia,  Dali.  Like  the 
preceding,  but  interior  of  ven- 
tral valve  with  two  septal 
ridges  diverging  from  the 
beaks.  Dorsal  valve  with  a single  median  ridge.  Recent ; American  seas. 

Dignoriiia,  Hall.  Both  valves  with  median  septal  ridges ; that  of  the 
dorsal  valve  stronger,  and  flanked  by  txvo  submarginal  diverging  ridges, 
which  correspond  in  position  to  grooves  in  the  ventral  valve.  Middle  De- 
vonian ; North  America. 

Barroisella,  Hall  and  Clarke.  Lingulae  with  rudimentary  articulation. 
Silurian  to  Devonian  ; North  America  ; (?)  Bohemia. 


Lingula  anatina,  nmg.  Recent.  U,  Shell 
with  pedicle.  B,  Interior  of  ventral  valve. 


Fig.  510. 

Lingula  Lcu'isii,  Sow. 
Silurian  ; Gottland. 
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Tltomasina,  Hall  and  Clarke.  Lingulae  with  the  posterior  margin  of  the 
ventral  valve  notched,  and  with  two  conspicnous  articulating  processes. 
Silurian  ; France. 

Family  3.  Lingulasmatidae.  Winchell  and  Scliuchert. 

riatform-hearing  Ling-ulueea  derived  through  Lingulidue.  Ordovician  and 
Silurian. 

Lingidu/is,  Hall.  Small  Lingulae  with  narrow,  depressed,  not  excavated, 
platforms.  Ordovician  and  Silurian  ; North  and  South  America. 

Lingulasina,  Ulrich.  Large  thick-shelled  Lingulae  with  very  promineut, 
slightly  excavated  platforms.  Ordovician;  North  America  ; (?)  England. 

Order  2.  NEOTREMATA.  Beecher. 

Circular  or  oval,  more  or  less  eune-shugjed,  inarticulate  Brachiopoda,  with  the 
pedicle  opening  restricted  throughout  life  to  the  ventral  valve.  Pedicle  aperture 
'modified  Inj  a deltidium  or  listrium.  I'rodeltidiuni  attached  to  the  ventral  valve. 

Superfamily  1.  ACROTRETACEA.  Schuchert. 

Neotremata  with  phosphutic  shells  and  a more  or  less  ivell-develojml  deltidmin. 
Horsed  protegulurn  margined.  Cambrian  to  Silurian. 

Family  1.  Acrotretidae.  Schuchert. 

Acrotretacea  with  the  pedicle  opening  posterior  to  the  protegulurn.  Cambrian  to 
Silurian. 

ylcrotreta,  Kutorga.  ^'entral  valve  sub-conical ; the  posterior  margin 
flattened,  triangular  iu  form,  and  resembling  a true  cardinal  area.  This 
sloi)e  is  divided  medially  by  a shallow  groove,  widening  downward.  Circular 
pedicle  opening  at  the  ajiex  of  the  valve.  Dorsal  valve  fiat  or  depressed, 
convex  ; interior  flanked  by  a large  anterior  and  a smaller  posterior  pair  of 
nuxscular  impressions  ; exterior  concentrically  striated.  Cambrian  and  Ordo- 
vician ; North  America  and  Europe. 

Conotreia,  Walcott.  Small,  highly  conical  shells,  with  the  interior  of  the 
ventral  valve  marked  by  a number  of  radiating  ridges.  Ordovician  and 
Silurian  ; North  America. 

ylcrothele,  Linnarsson.  Hounded,  or  broadly  oval,  depressed  shells  with 
the  cardinal  area  obsolete.  Cambrian  ; North  America  and  Europe. 

Linnarssonia,  Walcott.  Smaller  and  more  conical  shells  than  Acrothele. 
Cambrian  ; North  America  and  Eurojje. 

Biscinopsis,  Matthew;  New  Brunswick.  Iphideu,  Billings;  North  America 
and  Sweden.  Volhorthia,  von  Moller  ; Russia.  (?)  Mesotreta,  Kutorga ; Russia. 
(?)  Orhicella,  d’Orbigny  {Kegserlingia,  Pander).  (?)  Ilelmersenia,  Pander  ; Russia. 
All  Cambrian. 

Family  2.  Siphonotretidae.  Kutorga. 

Acrotretacea  with  the  pedicle  opening  passing  hij  resoiption  anteriorly  through  the 
protegulurn  and  the  umbo  of  the  shell.  Cambrian  to  Silurian. 
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(Fig.  511) 


apex, 


and 


communicating 


Siphonotreta,  de  Vern 
Pedicle  opening  at  the 
shell  by  a tubular  canal. 

Cardinal  area  and  del- 
tidium  not  developed. 

Shell  ornamented  with 
concentric  lines  and 
ridges ; the  epidermal 
layer  bearing  hollow 
spines,  though  rarely 
preserved.  Layers  be- 
neath the  epidermis 
punctured  by  radiating 
and  branching  tubules. 

America. 

Schizambon,  Walcott  {Srhizamhonia,  Oehlert). 
tretae  without  tubular  pedicle  canal.  Ordovician 

Trematobolus,  IMatthew.  Siphonofretae  with 
Aliddle  Cambrian  ; New  Brunswick. 


Shell  elongate-oval,  moderately  convex. 

with  the  interior  of  the 


Fio.  511. 

Sipho7wtrct(f  unguicnlotd,  Eicliw.  Ordovician  ; St. 

A,  By  Interior  of  ventral  and  dorsal  valves,  respectively, 
exterior  of  shell ; ventral  and  dorsal  aspects. 


Petersburg,  i/]. 
C,  D,  Worn 


Ordovician  and  Silurian ; Plurope  and  (?)  North 


no- 


Small  depressed 
America  and  Kussia. 
rudimentary  articulation 


Superfamily  2.  DISCINACEA.  Waagen. 

Xeotremata  with  phosphufic  shdls,  a Ustrinm,  hut  no  ddtidium.  Dorsal  pro- 
terjulum  usualh/  sub-central.  Cambrian  to  Kecent. 

Family  1.  Trematidae.  Sclmchert. 

Primitive  Discinncea,  in  which  the  pmterior  marf/in  of  the  rent  red  valve  has  a 
triangular  pedicle  notch  throughout  life.  A listriurn  usualhj  preserd.  Cambrian  to 
Carboniferous. 

Discinolepis,  Waagen.  Small,  nearly  flat,  inequivalved  shells.  I’edicle 
notch  very  small.  Characters  very  primitive.  Lower  Cambrian  ; India. 

T remat  is,  Sharpe  {Orbicdla,  d’Orb.)  Ventral  valve  unevenly  convex, 
more  or  less  depressed  over  the  posterior  region.  Pedicle  Assure  large,  ex- 
tending from  the  apex  to  the  posterior  margin.  Dorsal  valve  evenly  convex, 
and  sometimes  with  incurved  beak  ; posterior  margin  much  thickened,  and 
broadly  grooved  for  the  jiassage  of  the  pedicle.  Surface  of  lioth  valves 
covered  with  punctures  or  small  ])ittings  arranged  either  in  quincunx 

or  in  radiating  rows.  Ordovician  and  (?)  Silurian ; North  America  and 

(?)  Europe. 

Schizocrania,  Hall  and  Whitfield.  Ventral  valve  flat  or  concave,  smaller 
than  the  dorsal,  and  liearing  a deep  and  very  broad  triangular  pedicle 
notch,  which  extends  from  just  liehind  the  beak  to  the  })osterior  margin. 
Apex  of  notch  occujiied  by  a triangular  plate,  or  listriurn.  Surface 
marked  liy  concentric  growth  lines ; no  muscular  impressions  visilfle  on 
the  interior.  Dorsal  valve  more  or  less  convex,  with  beak  marginal. 

External  surface  radially  striated.  On  the  interior,  a low  median  ridge 

extends  from  the  apex  to  beyond  the  centre  of  the  valve  ; posterior  adductor 
muscles  strong:  the  anterior  ones  faint.  Ordovician  to  Devonian;  North 
America. 
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Oehlerfella,  Hall  and  Clarke  {Lingulodiscina,  Whitfield).  Much  like  Schizo- 
rnmia,  but  the  ventral  valve  has  concentric  growth  lines,  and  no  radiating 
striae.  Ventral  pedicle  area  greatly  elevated  and  transected  by  a narrow 
open  fissure.  Devonian  to  Lower  Carboniferous  ; North  America. 

Schi~oboh(S,  Ulrich.  Devonian;  North  America.  {I)  3Ionoholina,  8alter. 


Fainilv  2.  Discinidae.  Grav. 


Iferived  Discinacea  wifJt,  an  open  pedicle  nofch,  in  early  life,  in  the  posterior 
margin  of  the  rentrul  mire,  which  is  closed  posteriorly  during  neanic  groioth,  leaving 
a more  or  less  long,  narrow  slit,  partially  closed  by  the  listrium.  Ordovician  to 
Decent. 

Orbicidoidea,  d’Orbigny  (Fig.  512).  Shells  inequivalved,  sub-circular,  or  sub- 


elliptical  in  outline. 


Fio.  512. 


Orbiciiloiilec  Circe,  Bill.  Ordovician  ; 
Belleville,  Canada.  Ventral  valve,  l/i  (after 
Billines).  ];,  0.  nitidri,  Phill,  Sub-Carbonifer- 
ous ; Missouri,  le,  Dorsal ; ?/,  Ventral  valve,  l/i. 


Apices  eccentric.  Ventral  valve  depressed,  convex,  or 
flattened.  Dorsal  valve  larger,  usually  de- 
pressed, conical.  Pedicle  furrow  originat- 
ing behind  the  apex,  extending  over  a 
greater  or  lesser  portion  of  the  radius  of 
the  valve,  and  produced  at  the  distal  end 
into  a short  tubular  sipho,  emerging  on  the 
interior  surface  near  the  posterior  margin. 
Surface  with  fine,  crowded  or  distant, 
rarely  lamellose,  concentric  lines  occasion- 
ally crossed  by  radiating  lines.  Ordovician 
to  Cretaceous ; North  and  South  America, 
Europe,  and  probably  elsev’here. 

Discina,  Lamarck.  Very  much  like 
Orbicidoidea,  but  the  pedicle  emerges  through  the  ventral  shell  antero- 
posteriorly,  immediately  beneath  the  beak,  instead  of  through  a sipho  postero- 
anteriorly  as  in  that  genus.  Recent. 

Until  recently,  Discina  embraced  all  fossil  Discinoid  shells,  but  at  present 
this  genus  seems  to  bo  restricted  to  a single  species, 

D.  striata,  living  off  Cape  Palmas,  West  Africa. 

Discinisca,  Dali  (Fig.  5D3).  Like  Orbiculoidea, 
but  with  a small  septum,  as  in  Discina,  behind 
vddch  is  ait  impressed  area,  externally  concave  and 
internally  elevated.  This  is  perforated  by  a longi- 
tudinal fissure,  extending  from  a short  distance 
behind  the  septum  nearly  to  the  posterior  margin. 

Tertiary  to  Recent;  North  America  and  Eurojic. 

Schizotreta,  Kutorga.  Ordovician  and  Silurian ; 

America. 

Lindstroernella  and  Itoemerella,  Hall  and  Clarke,  are  genera  related  to  Orhi 
adoidea.  Devonian  ; North  America. 


Fio.  513. 

Discinisca  lamdlosa,  Brod.  Recent ; 
Peru.  A,  Side-view.  1),  Interior  of 
\’entral  valve.  C,  Exterior  of  same. 


Russia  and  North 


Superfamily  3.  CRANIACEA.  Waagen. 

Cemented  calcareous  Neotremcda  loithout  pedicle  or  ancd  openings  at  mcdurity. 
Ordovician  to  Recent. 
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Family  1.  Oraniidae.  King. 


Crania,  Eetzius  (Fig.  514).  Shell  inequivalve,  sub-circular  in  outline.  In 
the  interior  of  both  valves  are  two  pairs  of  large  adductor  scars,  the  posterior 
of  -which  are  widely  separated  and  often  strongly  elevated  on  a central 


j 

\ 

] 
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Fig.  514. 

Crania  Ignahergensis,  Retzius.  Uppermost  Cretaceous  ; Ignaberga,  Scania.  Profile  and  dorsal  aspect  of 
shell,  i/j.  B,  C,  Interior  of  ventral  valve.  D,  Interior  of  dorsal  valve,  enlarged. 


callosity.  Impressions  of  the  pallial  genital  canals  coarsely  digitate.  Ordo- 
vician to  Recent ; maximum  development  in  Ordovician  and  Cretaceous. 

Craniella,  Oehlert.  Large  Cranias  with  S-shaped  vascular  impressions. 
C?)  Ordovician  and  Devonian  ; North  America  and  Europe. 


Fig.  615. 

Cranisms  velo.ta,  Quenst. 
Upper  Jura;  Oerlinger  Thai, 
Wurtemberg.  Interior  of 
ventral  valve,  i/i  (after 
Quenstedt). 


A B C 


A,  Profile  of  dorsal  valve.  B,  Interior  of  same.  C,  Interior  of 
\-entral  valve,  i/i. 


Craniscus,  Dali  (Fig.  515).  Ventral  interior  divided  by  septa  into  three 
cavities.  Jurassic ; Europe. 

Ancistrocrania,  Dali  (Fig.  516).  Dorsal  valve  with  two  muscular  fulcra. 
Cretaceous ; Europe. 

Pholidops,  Hall  {Craniops,  Hall).  Biconvex  and  but  slightly  attached 
Cranias.  Ordovician  to  Carboniferous  ; North  America,  England,  Gottland. 

Pseudocrania,  M‘Coy  {Palaeocrania,  Quenstedt).  Radially  striated  shells 
much  like  Pholidops.  Ordovician  ; Europe. 

Cardinocrama,  AYaagen.  Permian  of  India. 


Order  3.  PROTREMATA.  Beecher. 

Articulate  Brachiopoda,  ivith  the  pedicle  opening  restricted  to  the  ventral 
valve  throughout  life  or  during  early  growth.  Prodeltidium  originating  on  the 
dorsal  side  of  the  body  wall  in  the  Cephalula  stage,  and  later  anchylosed  to  the  ventral 
shell,  thus  initiating  the  development  of  a deltidiim.  Pedicle  aperture  modified  by 
the  deltidium.  Brachia  unsupported  by  a calcareous  skeleton  except  in  Pentameracea, 
where  there  are  crura. 
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Superfamily  1.  STROPHOMENACEA.  Schuchert. 

Primitive  Protremata  without  spondi/lia  and  crnralia.  Cambrian  to  Recent. 

Family  1.  Kutorginidae.  Scliucliert. 

Primitive  Stroiihornenarea  with,  incipient  cardinal  areas,  fireut  delthyrium  and 
vei'ji  rndimadar/i  articulating  processes  and  deltidium.  Cambrian. 

Jxutorgina,  Billings.  K.  cinguluta,  as  redefined  liy  Walcott,  from  the 
American  Lower  Camlnian,  is  the  only  species  positively  known  to  belong  to 
this  family.  Schizopholis,  Waagen,  of  the  Lower  Cambrian  in  India,  and 
Jhdhorthia,  Mbller,  of  the  Ordovician,  may  also  jiossibly  find  a place  here. 

1 Family  2.  Eichwaldiidae.  Schuchert. 

Primitive  or  aherreud,  rostrate  Stroplwmenaceu,  with,  narrow  lateral  grooves  and, 
ridges  for  (trticulution.  JJelthiiriinn  closed,  hg  a concave  plate  {?  deltidium).  Pedicle 
emerging  through  th.e  ventred,  umhone  ami  moving  with  growth,  anteriorly  Iny  resorption 
through  the  shell,  as  in  Siphonotretidae.  Ordovician  and  Silurian. 

Eichivaldia,  Billings.  The  single  species  of  this  genus  has  a smooth 
exterior.  Ordovician  ; North  America. 

Piictyonella,  Hall  {Eichivaldia,  auct.)  Exterior  surface  of  valves  pitted  in 
(luincunx,  resembling  Trematis.  Silurian  ; North  America,  Etigland,  Bohemia, 
and  Gottland. 

Family  3.  Billingsellidae.  Schuchert. 

Strophomenacea  with,  well-developed  cardinal  areas  and  deltidium.  Cardinal 
process  ohsolete  or  very  rwHmenta ry.  ,drticulation  fairly  well  developed.  Cam- 
brian. 

llillingsella.  Hall  and  Clarke  {Protorthis,  H.  and  C.)  This  is  the  only  knoM’ii 
genus  of  the  family,  and  contains  a number  of  the  oldest  well-developed 
species  of  Protremata.  Cambrian  ; North  America. 

Family  4.  Strophomenidae.  King.^ 

Strophomenacea.  ivith  well-developed  cardinal  areas,  deltuliuw,  chilidium.,  cardinal, 
and  artundating  processes.  Ordovician  to  Permian. 

llajinesguina.  Hall  and  Clarke  (Fig.  517).  Shells  normally  concavo-convex 
dorso-ventrally.  Striae  alternating  in  size,  and  crossed  by  finer  concentric 
growth  lines.  Muscular  area  of  ventral  valve  consisting  of  two  broad  flabel- 
late  diductor  scars  enclosing  an  elongate  adductor.  In  the  dorsal  valve,  the 
bilobed  cardinal  process  is  low ; the  posterior  arborescent  adductor  scars 
well  defined.  Vascular  and  ovarian  markings  often  well  indicated.  Ordovician; 
North  America  and  Europe. 

* [According  to  J.  M.  Clarke,  a separation  into  groups  of  the  genera  here  includeil  under  one 
tainily  is  advisable,  according  as  the  shell  is  normally  convex,  or  reversed  convex.  The  habit  of 
reversion,  originating  in  the  unequal  growth  of  the  two  valves,  characterises  a large  nninher  of  forms, 
which  stand  in  a notable  degree  in  successive  genetic  relationships  ; while  their  alfinities  with  the 
nornially  convex  forms  are  less  palpable.  This  author  is  in  favour  of  restricting  the  Strnjiho?neiiiilai; 
so  as  to  inclnile  only  those  genera  in  which  the  shell  is  usually  reversed  convex,  and  employing  the 
family  term  Leptaenidne  for  those  having  normally  convex  shells. — Tr.vns.] 
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Stropheodonta,  Hall.  Shells  very  much  like  Jdifinesquiiia,  Imt  with  the 
cardinal  margins  finely  denticulate  and  the  deltidium  Hat  or  not  discernible. 
Silurian  and  Devonian  ; North  America  and  Europe. 

Leptostrophia,  Hall  and  Clarke  ; Donvillina,  Oehlert  and  Jlrachi/prioii,  Shaler, 
are  sub-genei'a  of  Sfropheodonfa.  Silurian  and  Devonian. 


A /; 


Fig.  517. 

A,  Rafinesquina  nlternata.  Com-ai\  STp.  Onlovioian  ; Cincinnati,  Ohio.  i/j.  11,‘R.  expansa.  Sow.  Interior 
of  ventral  valve,  showing  muscular  and  vascular  impressions. 


Fig,  51S. 

Leptiiena  rkomVoidaUs,  Wahleiib.  s]i.  .Silurian  ; Gottland. 
A,  B,  Dorsal  asiiect  and  profile.  C,  Interior  of  dorsal  valve. 


Pholidosfrophia,  Hall  and  Clarke.  Smooth  or  squamose,  nacreous  small 
Sfrophcodoniae.  Devonian  ; North  America  and  Europe. 

Strophonella,  Hall  {AmpJdstrophia,  Hall  and  Clarke).  Kesupiuate  Stropheo- 
dontae.  Silurian  and  De- 
vonian ; North  America  and 
Europe. 

Leptaena,  Dalman  (Lepta- 
fionia,  M‘Coy),  (Fig.  518). 

Shells  having  the  characters 
of  Bafinesquinu,  but  the  flatter 
portions  of  the  valves  with 
corrugations  and  wrinkles. 

Where  these  cease,  the  shells 
are  more  or  less  abruptly 
and  often  rectangularly  deflected.  Ordovician  to  Carboniferous. 

Cadomdla,  Munier-Chalmas.  Similar 
to  Bafinesquina,  but  in  the  ventral  valve 
between  the  divergent  teeth  there  is  a 
bowl-shaiied  muscular  apophysis  for  the 
attachment  of  accessory  diductors.  The 
lirominent  socket  walls  of  the  dorsal 
valve  continued  into  curved  crural 
apophyses,  which  sometimes  terminate 
freely. 

Plectamhonites,  Pander  (Leq.iiuena, 

Plectamhoiiitcs  transversalis,  Dx]m.  Sip.  Silurian;  DTvidcmi  mill  uiipf  f fPicr  51  Ql  Ordo- 

Gottlaiid.  U,  Dorsal  aspect,  1/].  7J,  Interior  of  dorsal  J-'avillsOn  ailU  aUCC. Ig.  O 1 WlUO 

valve,  i/i.  c.  Ventral  valve,  3/i.  (.1,  Adductors ; yician  and  Silurian;  North  America 
7.',  Divancators).  ^ 

and  Europe. 

Leptella,  Hall  and  Clarke.  Primitive  Plectamhonites.  Up})er  Cambrian  and 
Lower  Ordovician  ; North  America  and  England. 


Fig.  519. 
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Leptaenisca,  Beecher.  Yentrally  cemented  shells  having  some  of  the  char- 
acters of  Flectambonites.  Markings  of  the  fleshy  arms  are 
retained  on  the  dorsal  shell.  Silurian  ; North  America. 

Christiania,  Hall  and  Clarke.  Difl’ers  from  Leptaenisca 
in  having  prominent  longitudinal  ridges  instead  of  spiral 
markings  on  the  dorsal  interior.  Basal  Devonian  ; North 
America,  England,  and  Russia. 

Davidsonia,  Bouchard  (Fig.  520).  Thick  LepAaenisca- 

Do.VXilSOTilO.  SOKCllClV'  1*1  111  *j_l  *1  1'  1 

(liana, deKon.  Devonian;  like  shells,  With  spiral  markings  01  the  nesliv  arms  strongly 
spfrai  impressed  on  both  valves.  Devonian;  England,  Belgium, 

and  Russia. 

Strophomena,  Blainville.  Shells  like  Itafinesquina,  but  resupinate,  or  with  the 
relative  convexity  of  valves  reversed,  and  the  ventral  muscular  area  sharply 
limited  by  an  elevated  margin.  Ordovician  ; 

America  and  Europe. 

Orthothetes,  Fischer  (Figs.  521,  522). 

Much  like  Strophomena.  Shell  plano-convex 
or  biconvex,  but  becoming  concavo-convex 
with  age.  Surface  covered  with  radiat- 
ing striae,  which  are  convoluted  liy  sharp 
concentric  lines.  Hinge  - line  as  long  or 
longer  than  the  greatest  width  of  the  shell. 

Cardinal  area  of  ventral  valve  prominently 
developed ; dorsal  area  narrow.  Cardinal 
process  united  to  crural  plates,  the  whole 
forming  a vertical  sub-crescentic  process. 

Muscular  impressions  flabelliform.  Silurian 
to  Carboniferous  ; North  and  South  America,  Europe,  and  India. 

llipparionijx,  Vanuxem.  Like  Orthothetes,  but  with  the  muscular  areas 
much  larger  and  no  dorsal  cardinal  area.  Lower  Devonian  ; North  America. 


Fig.  521. 

Orthothetes  umhraciilum,  Schlotli.  .sp.  De- 
vonian ; Gerolstein,  Eifel.  Natural  size. 


Fig.  520. 


Fig.  522. 

Orthothetes  crenistrio,  Phill.  Carboniferous  Limestone;  Wexford.  A,  Mu.scular  portion  of  ventral  valve. 
B.  Interior  of  dorsal  valve.  (U,  M',  Adductors.  R,  Diductors  ; Cardinal  process;  d,  Dental  sockets),  (after 
Davidson). 


Kayseretla,  Hall  and  Clarke.  Small  Orthothetes-\ikQ  shells,  with  a very  high 
dorsal  median  septum.  Devonian  ; Germany. 

Derhtja,  Waagen.  Like  Orthothetes,  with  a high  median  septum  in  the  ventral 
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apex  and  musculai’  area,  and  usually  ventrally  cemented.  Carboniferous ; 
North  and  South  America,  Europe,  India,  and  Russia. 

Streptorhyiichus,  King.  Very  much  like  Derli/a,  but  without  the  ventral 
sej^tum.  Beak  acute,  incurved,  or  distorted.  Carboniferous  and  Permian  ; 
America,  Europe,  and  India. 

Meekella,  White  and  St.  John.  Very  biconvex  shells,  with  the  teeth  of  the 
ventral  valve  supported  by  septiform  dental  lamellae,  which  reach  to  the 
bottom  of  the  umbonal  cavity,  and  extend  forward  for  one-third  or  one-half 
the  length  of  the  shell.  Surface  of  valves  with  coarse  costae  and  fine  radiat- 
ing, often  plumose,  striae.  Upper  Carboniferous ; North  America,  Russia, 
India,  and  China. 

Triplecia,  Hall  (Dicraniscus,  Hall).  Trilobate,  unecpially  biconvex,  short- 
hinged  shells.  Cardinal  process  long,  erect,  and  bifurcate.  Surface  of  valves 
usually  smooth,  but  sometimes  striated  radially.  Ordovician  and  Silurian  ; 
North  America,  England,  and  Bohemia. 

Mimulus,  Barrande.  Like  Triplecia,  but  with  the  median  fold  on  the 
ventral  valve.  No  external  evidence  of  a deltidium.  Silurian  ; Bohemia  and 
North  America. 

Sfreptis,  Davidson.  Like  Triplecia,  but  liiconvex  and  bilaterally  unsym- 
metrical.  Exterior  with  lamellar  concentric  shell  expansions.  Silurian ; 
England,  Gottland,  and  North  America. 

? Orthidium,  Hall  and  Clarke.  Ordovician;  North  America. 

Family  5.  Thecidiidae.  Gray. 

Cemented  Stropliomenacea,  in  which  the  interior  of  the  shell  is  impressed  ivith 
I'ciriously  imlenied  hrachial  furroivs.  Carboniferous  to  Recent. 

This  family  was  formerly  associated  with  the  Terebratulidae.  Beecher  has  shown, 
however,  that  brachial  supports  are  wanting,  and  that  a true  deltidium  is  present. 

Lyttonia,  Waagen  {Leptodus,  Kayser).  Very  large,  highly  ineqttivalved, 
irregular  shells,  frequently  with 
broad  lateral  expansions.  Numer- 
ous, laterally  directed,  brachial 
ridges  in  the  ventral  valve,  with 
divergent  grooves 
region  of  the  dorsal 
valve.  Carboniferous  ; China  and 
India. 

Oldhamia,  Waagen  (Fig.  523). 

Differs  from  Lyttonia  in  that  the 
ventral  valve  is  sub-hemispherical 
with  the  incurved  apex  covered 
by  a callosity,  as  in  Bellerophon. 

Carboniferous  ; India  and  China. 

Thecidea,  Defrance  {Thecidium,  Sowerby),  (Fig.  524).  Dorsal  brachial 
impressions  with  three  pairs  of  symmetrical  lobes,  radially  directed.  Cretaceous. 

Thecidea  and  the  following  genera  of  the  family  Thecidiidae  comprise  for  the  most 
part  small,  sometimes  extremeU  minute  forms,  represented  from  the  Trias  to  the 
present  day ; the  climax  of  diversity  occurred  in  the  Cretaceons. 


corresponding 
in  the  median 


Fig.  523. 


Ohlhmnia  dccipiens,  Waagen.  Prudnctiis  Limestone  ; Salt 
Range,  East  India.  A,  B,  Interior  of  ventral  and  dorsal 
valves,  respectively  (after  Waagen). 
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Lacazella,  Munier-Chalmas  (Figs.  525,  526). 


Dorsal  brachial  impressions 


Fio.  52-4. 


TkeciiJcri  papUInt/i,  Sclilotli.  Upper 
('retaceoiis  ; ('iply,  3J,  In- 

terior of  ventral  anil  (lorsal  valves,  re- 
-spectively,  -/j  (after  Woodward). 


Lacazella  verm  icvln  ris, 
Schlotli.  sp.  Upper  Creta- 
ceous ; lUaestrielit.  Dorsal 
valve,  -/j  (after  8uess). 


Fig.  520. 

Lacazella  Mediter- 
ranea,  Risso.  Recent. 
Interior  of  dorsal 
V a 1 V e s li  o w i n 
l»rachia,  -/i  (after 

Woodward). 


with  two  or  three  unequal  pairs  of  lobes,  medially  directed.  Jurassic  to 
Recent  ; Europe. 

Thecidiopsis,  Muuicr-Chalmas  (Fig.  527).  The  two,  large,  dorsal,  brachial 
im})ressions  each  have  four  pairs  of  lobes  laterally  and  medially  directed. 
Ci'etaceous  ; Euroi)e. 

Ther.idella,  Munier-Chalmas.  Dorsal  brachial  impressions  simple,  anteriorly 
dii'ected.  Jurassic;  Europe. 

Endesdln,  Munier-Chalmas.  Transverse  shells  in  which  the  dorsal  brachial 


Theci'liop.-^ls  (lifiiiatu,  GoMf. 
Ithim*.  A,  Dorsal  aspect.  }}, 
dorsal  valves,  respectively,  Vi. 


Greensand  ; Essen  on  tlie 
C,  Interior  of  ventral  ami 


Fig.  528. 

J‘tero)t1iloios  Kmmrichi,  Giimhel. 
Rhaetic ; Kdssen,  Tyrol.  In- 
terior of  dor.sal  valve,  Vd 


ini])ressions  have  three  pairs  of  simple  lobes  antero-laterally  directed.  Jurassic; 
Furo})c. 

Idcnjphdoios,  Ciimbel  {Bacfn/niiiia,  Kmmrich),  (Fig.  528).  Dorsal  brachial 
impressions  with  about  ten  laterally  directed  lobations.  Al])ine  Rhaetic. 

Jkfvidsonclla,  iMiinier-Chalmas.  Elongate  shells  with  the  long,  narrow, 
dorsal,  Inuchial  impressions  simple  and  antero-laterally  directed.  Jurassic; 
Europe. 

blandly  6.  Productidae.  Gray. 

Sfrophotnenacea  ivifh  hollow  anrhoriofi  spines.  Silurian  to  Permian. 

Chonefes,  Fischer  (Fig.  529).  Shell  transversely  elongate,  semi-circular  in 
outline,  normally  concavo-convex,  sometimes  plano-convex.  Upper  margin  of 
cardinal  area  in  ventral  valve  bearing  a single  row  of  hollow  spines  ; these  are 
prolongations  of  tubes  which  penetrate  oldiquely  the  substance  of  the  shell 
along  the  hinge-line.  Teeth  strong.  Cardinal  process  of  dorsal  valve  divided 
by  a narrow  median  and  two  broader  lateral  grooves.  Brachial  impressions 
more  or  less  tlistinct.  External  surface  usually  covered  with  radiating  striae, 
rarely  smooth  or  concentrically  rugose.  Silurian  to  Permo-Carboniferous. 

Anoplia,  Hall  and  Clarke.  Smooth  or  s(juamose  shells  like  Chonefes,  sup- 
posed to  be  without  cardinal  spines.  Lower  Devonian. 
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Chonosirophia,  Hall  and  Clarke.  Like  Chonetes,  but  ivith  the  shell  reversed 
or  concavo-convex.  Lower  and  Middle  Devonian  ; Xorth  and  South  America. 

Chonetella,  Maagen.  Upper 
Carboniferous ; India.  Chonetina, 

Krotow.  Permian ; Russia. 

Chonopectus,  Hall  and  Clarke. 

Chonetes-like  shells,  but  cemented 
ventrally  to  extraneous  objects. 

External  surface  reticulated  by  a 
double,  oblique  series  of  concentric 
lines  and  fine  radiating  striae. 

Lower  Carboniferous ; North 
America. 

Strophalosia,  King  {Orthothrix, 

Geinitz  ; Leptacnalosia,  King),  (Fig. 

53.0).  Shell  Productoid  in  general 
form,  cemented  by  the  ventral 
umbo.  Both  valves  with  well-defined  area  and  deltidinm.  Ventral  valve 
with  two  prominent  teeth  unsupported  by  lamellae.  Muscular  impressions 
small ; brachial  ridges  distinct.  Surface  of  ventral  valve  covered  with  spines  ; 
that  of  the  dorsal  valve  either  spinous,  lamellose,  or  smooth.  Middle 
Devonian  to  Permian  ; Europe,  India,  North  and  South  America. 

Aulosteges,  Helmersen.  Much  like  Strophalosia,  but  not  cemented  by  the 


.4  C 


A,  Chonetes  striotdla,  Sill.  Silurian;  Gottland.  i/i. 

B,  Interior  of  dorsal  valve  of  Chonetes  (after  Davidson). 

C,  C.  sarcinv.lata,  de  Kon.  Devonian;  Coblenz,  l/j. 


A B C 


Fic.  530. 


Fig.  531. 


Strophalosia  Goldfussi,  Jliinst.  sp.  Permian  ; Gera,  Reuss.  Broductus  horridus,  Sorv. 

A,  Dorsal  aspect.  B,  Profile.  C,  Cast  of  dorsal  valve  rvith  brachial  Permian  ; Gera,  Reuss.  1/4. 

impressions.  Natural  size. 


ventral  umbo ; deltidinm  covered  with  small  spinules  and  the  surface  of  both 
valves  thickly  set  with  spines.  Permian  ; Pussia  and  India. 

Productella,  Hall.  Shells  small,  Productoid,  with  narrow  cardinal  areas  in 
lioth  valves.  Ventral  valve  with  small  teeth ; dorsal  valve  with  sockets  and 
crural  plates.  Brachial  impressions  distinct.  Devonian. 

Prochictus,  Sowerby  (Pi/xis,  Chemnitz  ; Arhusculifes,  Murray;  Protonia,  Linck  ; 
Marginifera,  Waagen),  (Figs.  531,  532).  Shell  without  functional  pedicle, 
probably  anchored  by  the  ventral  spines ; concavo-convex,  valves  usuallj’ 
produced  anteriorly  ; outlines  semi-circular,  sometimes  transversely  elongate. 
External  surface  usually  with  more  or  less  prominent  radiating  ribs,  which 
are  crossed  by  concentric  lines  or  wrinkles  ; rarely  smooth  or  finely  striated. 
Cardinal  areas,  teeth,  sockets,  and  crural  plates  absent  or  rudimentary.  Ventral 
valve  convex,  sometimes  geniculated;  occasionally  with  median  sinus.  Muscular 
impressions  consisting  of  two  dendritic  adductors  and  a pair  of  broadly  flaliel- 
late,  striate  diductors ; traces  of  spiral  or  brachial  cavities  occasionally 
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present  in  the  pallial  region.  Cardinal  process  strong,  curved,  or  erect,  extend- 
ing far  above  the  hinge-line.  Brachial  ridges  well  defined.  Extraordinarily 
abundant  in  Carboniferous  and  Permian.  Distribution  general. 

P.  giganteus  is  the  largest  Brachiopod  known,  sometimes  attaining  a width  of  nearly 
one  foot. 

Frohoscidella,  Oehlert.  Valves  very  unequal ; dorsal  valve  small,  concave, 
operculiform ; ventral  valve  larger,  convex,  furnished  with  two  lateral  expan- 
sions which  bend  downward  to  meet  the  margins  of  the  dorsal  valve,  and  an 


J,  Frudiutus  scmiretimkttus,  Martin.  Carboniferous  Limestone;  Vise,  Belgium,  l/i.  B,  P.  gigatUeus. 
Martin  sp.  Same  horizon  ; England.  Interior  of  dorsal  valve  (after  Woodward).  C,  D,  P.  horridus,  Sow. 
Permian  ; Prussia  and  England,  i/j.  C,  Interior  of  dorsal  valve.  D,  Cast  of  ventral  valve  (A,  Adductors ; 
II,  Uiductors  ; pr,  Cardinal  process ; h,  Hingedine  ; v,  Brachial  impressions). 

anterior  expansion,  which  is  produced  fonvard  into  one,  or  occasionally  two, 
long,  cylindrical  tubes.  Carboniferous  ; Europe  and  North  America. 

Etheridrjina,  Oehlert.  Shell  very  small,  nearly  as  broad  as  long,  and 
attached  to  foreign  bodies,  notably  Crinoids,  by  the  spines  of  the  ventral 
valve.  Dorsal  valve  with  a small  beak  ; surface  ornamented  by  concentric 
hexuous  plications  bearing  a few  scattered  spines.  Carboniferous ; Scotland. 

? Daviesiella,  Waagen.  Shell  Productoid,  but  wdthout  spines  and  well- 
developed  cardinal  area  and  teeth.  England. 

? Aulacorhijnchus,  Dittmar  (Isogmmrna,  Meek  and  AVorthen).  Very  large, 
transverse,  thin  shells  with  a ventral  platform.  Exterior  surface  with  numerous, 
regular,  continuous,  concentric  ridges.  U^iper  Carboniferous ; Europe  and 
North  America. 

Family  7.  Richthofenida.e.  AVaagen. 

Stfophomenacea,  probably  derived  through  the  Productidae,  and  remarkably  modified 
by  ventral  cementation.  The  form  is  that  of  Cyathophylloid  corals  with  an  operculiform 
dorsal  valve.  Shell  structure  cystose. 
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Ilichthofenia,  Kayser  (Fig.  533).  These  most  I’emarkable  modified  Brachio- 
pods  are  found  in  the  Permo-Carboniferous  of  China  and 
India. 

Family  8.  Orthidae.  Woodward. 

Stwpliomenacea  usually  with  large  open  delthyria  ; cleltidium 
developed  only  in  younger  growth  stages.  Ordovician  to 
Permian. 

Orthis,  Dalman  {Orthamhonites,  Pander),  (Figs.  534-536). 

Shell  sub- quadrate  to  sub -circular  in  outline ; surface 
covered  with  radiating  striae  or  costae.  Valves  more  or 
less  convex  ; the  small  or  dorsal  valves  sometimes  nearly 
flat  or  slightly  concave.  Cardinal  areas  well  developed  in 
both  valves,  and  usually  divided  by  open  delthyria.  Hinge- 
teeth  large,  and  supported  by  ivell-developed  dental  plates. 

Dental  sockets  of  dorsal  valve  deep,  their  inner  walls 
supporting  short  divergent  crura.  Median  ridges  fre- 
quently 25resent  in  both  valves.  Vascular  markings  often 
retained.  Ordovician  to  Carboniferous  ; particularly  abundant  in  the  Ordo 


Riclithofcriia  Lawrenci- 
afia,Waagen.  Permo-Car- 
bon.; Salt  Range.  Vertical 
section  of  ventral  valve 
(after  Waagen). 


Fig.  534. 


A-Cj  Orthis  (Schizophorki)  strio.tula,  Sc\iloth.  sp.  Devonian;  Gerolstein,  Eifel.  Dorsal  aspect.  Interior 
of  dorsal  valve.  C,  Interior  of  ventral  valve.  D,  Orthis  milvaria,  Schloth.  Spiriferensandstein  ; Niederlahn- 
stein,  Nassau.  (All  figures  of  the  natural  size.) 

J /; 


Platystrophia  lynx,  Eiclnv.  Ordovician  ; Cincinnati,  Ohio.  i/i. 

vician  and  Silurian,  which  have  alone  yielded  about 
400  species.  Distribution  general. 

This  genus  has  been  recently  divided  by  Hall  and 
Clarke  into  fifteen  sub-genera,  as  follow's  ; — Orthis  s.s., 
Plectorthis,  Dinorthis,  Plaesiomys,  Hehertella,  Orthostrophia, 
Platystrophia,  King  (Fig.  537),  Heterorthis,  Bilobites, 
Linne  (Fig.  536),  Dalmanella  (Fig.  535),  Ehipidornella, 
Oehlert,  Schizophoria,  King  (Fig.  534),  Orthotuiiia, 
Enteletes,  Fischer  de  Waldheim,  and  Orthotropia. 


Orthis  (Bilohites)  biloba, 
Lin.  Silurian  ; Gottland.  A, 
Shell,  i/i.  B,  Interior  of  dorsal 
valve,  2/j^. 
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Superfamily  2.  PENTAMERACEA.  Schuchert. 

Derivdl  Protremata  with  spoiKti/lid,  to  which  are  attached  the  adductor,  didurtor, 
and  ventral  pedicle  muscles.  Cruralia  ro/nmordi/  jiresent.  Ordovician  to  Permian. 


Family 


Clitambonitidae.  Winchell  and  Scluicliert. 


Primitive  Pentameraeea  with,  ton;/,  strah/ld  cardinal  areas  and  a v:ell-developed 
deltidium.  Xo  cruralium.  Oi'dovician  to  Devonian. 

Clitamhoniles,  Pander  {Orthisina,  d’tJrb.,  Pronites,  Ilemipronites,  and  Gonam- 
hunitcs.  Pander),  (Fig.  5.38).  A alves  conve.x  or  std)-i)yramidal.  Hinge-line 
.straight,  forming  the  greatest  diameter  of  the  shell.  Cardinal  area  of  the 

ventral  valve  high  ; 
delthyrium  broad, 
and  covered  by  a 
perforate  deltidium ; 
that  of  the  dorsal 
valve  covered  by  a 
chilidium.  Dental 
lamellae  of  ventral 
valve  very  strongly 
developed,  uniting 
to  form  a concave 
spatulate  or 

spondylium.  This 

plate  serves  foi'  the  attachment  of  muscles,  and  is  su])j-)orted  by  a median 
.septum  extending  for  about  one-half  the  length  of  the  valve.  External 
surface  radially  striated.  >Shell  substance  im[)unctate.  Ordovician  ; Russia, 
England,  and  North  ^Vinerica. 

Pol i/foechia , Hall  and  Clarke.  Like  OrtJdsinu,  but  with  the  sj)ondvlia  sup- 
])orted  by  three  septa,  thus  dividing  the  umbonal  cavity  of  the  ventral  valve 
into  five  chaml)ers.  Ordovician  ; North  America. 

Sceiiidium,  Hall  (Mi/strophora,  Kayser).  Small  Orthisinoid  shells  with  the 
delthyrium  partially  closed  l)y  a concave  imperforate  deltidium.  Cardinal 
process  extending  as  a median  se]>tum  throughout  the  length  of  the  shell. 

1 he  sejTtum  is  sometimes  greatly  eleA'ated  anteriorly  in  Devonian  species. 
Ordovician  to  Devonian  ; North  America,  Europe,  and  the  Urals. 


10.  .03S. 


.1,  OrllusiiKi  (Klsccuilciif,  I’iuiil.  Onloviciaii  ; I’awlowsk,  near  St. 

Vi"  n>,  C,  O.  Paliltai.  Ordovician  : Kuckers,  Kstlionia.  Jl,  Interior  of 

dorsal  valve,  showint;  ed;;e  ol'tlie  clulldhn]!.  Interior  ot  ventral  valve,  showin;; 
spondylium,  .septum,  and  rleltidinni  (after  ralilen). 


Family  2.  Syntrophiidae.  Schuchert. 

Primitive  Pentameraeea  with  Ion;/,  straii/ht  cardinal  ureas,  deltidiu,  and  crurulia. 
Lowest  Ordovician. 

S;/ntrophia,  Hall  and  Clarke.  Transverse,  straight  - hinged,  jirimitive 
Penttuneroids.  North  America. 


Family  3.  Porambonitidae.  David.son. 

Pentameraeea  intermediate  in  structure  between  the  Si/ntrophiidae  and  Penta- 
meridae  ; the  deltidium  and  the  straight  cardinal  areas  of  the  former  family  tending 
to  ohsolescence,  particularly  the  deltidium.  The  Poramhonitidae  approach  the  latter 
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famihj  in  tending  to  develop  a rostrate  shell.  Cruralium  present.  Ordovician  to 
Lower  Devonian. 

Camarella  (Billings),  Hall  and  Clarke.  Small  smooth  shells  with  a few  low 
plications  and  without  cardinal  areas.  Dorsal  r^alve  at  maturity  most  convex. 
Spondylium  well  defined.  Cruralium  very  small,  supported  by  a long  septum. 
Ordovician  ; North  America  and  (?)  England. 

rarastrophia,  Hall  and  Clarke.  Much  like  Camarella,  Imt  with  a moderately 
long,  straight,  cardinal  line,  and  no  cardinal  area.  Dorsal  umbo  conspicuous, 
projecting  beyond  that  of  the  ventral  valve.  Ordovician  and  Silurian  ; North 
America  and  England. 

Anastrophia,  Hall  {Brachgrnerus,  Shaler,  non  Dej.)  kluch  like  Parastrophia, 
but  with  the  dorsal  umbo  more  prominent  and  the  valves  with  numerous  sharp 


ABODE  F 


Fig.  539. 


Poro.mhoiiites  acquirostris,  Sclilotli.  sp.  Ordovician  (Vaginatenkalk) ; St.  Petersburg.  A-C,  Anterior,  lateral, 
and  posterior  aspects  of  shell,  i/i.  D,  Punctate  surfoce,  magnified.  E,  F,  Interior  of  ventral  and  dorsal  valves, 
respectively. 

plications  extending  to  the  beaks.  Silurian  and  Lower  Devonian ; North 
America,  England,  and  Gottland. 

Poramhonites,  Pander  {Isorhynclms,  King),  (Fig.  539).  Shells  similar  to 
Parastrophia  in  form,  but  without  plications,  and  ivith  obtusely  triangular 
areas  in  both  valves.  Shells  thick,  variously  pitted  externally.  Ordovician  ; 
Russia. 

Noetlingia,  Hall  and  Clarke.  Exterior  like  Poramhonites,  but  ivith  long, 
straight,  hingedine,  prominent  cardinal  areas,  and  perforate  lieaks.  Ordovician; 
Russia. 

? Lijcophoria,  Lahusen.  Russia  and  Scandinavia. 

Family  4.  Pentameridae.  M‘Coy. 

Piostrate  Pentameracea  rarely  with  straight  cardinal  areas.  Deltidiiun  commonly 
absent,  hut  sometimes  present  as  a concave  plate,  being  the  reverse  of  the  ordinarg  form 
of  the  deltidium  and  due  to  the  incurved  heaks.  Cruralium  present.  Silurian  to 
Permian. 

Conch, idium,  Linnb  {Ggpidia,  Dalman  ; Antirhynchonella,  Quenstedt ; Zdirnir, 
Barrande),  (Fig.  540).  Shell  strongly  inequivalve,  biconvex,  with  highly 
arched  ventral  valve.  Surface  numerously  plicated.  Spondylium  narrow  and 
deep,  and  supported  by  a high  vertical  septum  of  variable  length.  A small 
cardinal  process  present.  Silurian  and  Devonian  ; distribution  general. 

Strichlandinia,  Billings.  Similar  to  Conchidium,  but  with  a straight  hinge- 
line and  no  prominent  arched  ventral  beak.  Spondylium  small  and  short, 
supported  by  a short  median  septum.  Silurian;  North  America,  England, 
and  Gottland. 

Pentamerus,  Sowerby  {Pentasthe,  Blainville).  Like  Conchidium,  but  with 
VOL.  I 
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smooth  shells,  or  sometimes  with  a few  broad  and  obscure  radiating  undula- 


tions. Silurian  ; distribution  probablj^  general. 

CapeUirdu,  Hall  and  Clarke.  Like  Peniamenis,  but  ndth  the  relative  con- 
vexity of  the  valves  reversed.  Xorth  America. 


Clorinda,  Bai’rande  {BurrandeUa,  Hall  and  Clarke).  Small  galeatiform 


I'lO.  040. 


Conch  i'Uii  III  hilociilii  rc,  Linn.  Silurian;  Gottlanrl.  A,  Shell  of  the  natural  .size.  ]!,  Beak  showing  concave 
(leltiiliuni.  C,  f),  Interior  of  ilorsal  ami  ventral  valves,  rcsiiectively  (.<■,  Sjiomlyliuni  ; N,  Meiliau  septum  of 
ventral  valve,  Fig.  Jj ; h,  Dental  lamellae;  r.  Crura  ; S,  Septum-like  supports,  Fig.  C). 


Pentameroids  usualh'  with  smooth  shells,  rareh’  plicate.  Sjiondvlium  with- 
out a siij)])orting  septum.  Silurian  ; Xorth  America  and  Euroiie. 

Peutamcrella,  Hall.  iMuch  like  Cloriwht,  but  with  strong  iilications  and  a 
narrow  cardinal  area.  Devonian  ; Xorth  America. 

(IfijiKhihi,  Hall  (Sieherella,  Oehlert),  (Fig.  .541).  Galeatiform  Pentameroids, 
with  the  median  sinus  on  the  dorsal,  ami  the  fold  on  the  ventral  valve.  In 


Fio.  .oil. 

.I-C,  GjipUhiln  Iiiijcnlii.  Dalm.  sp.  Devonian  ; Gi'rolstein,  Eifel.  A,  Dorsal  aspect,  D].  Is,  Anterior  as|iect.  a 
Transverse  section  below  the  hinge-line.  (Lettering  the  same  as  in  Fig.  040  C,  D.)  1)  Conchidiuiii  Kniuhtii, 
Sow.  Silurian ; England,  l/o.  I 

I 

Sieherella  there  is  no  cardinal  area,  but  in  typical  Gi/pidnla  there  is  a well-,'* 
defined,  cross-striated,  cardinal  area.  Surface  smooth  or  plicate.  Silurian 
and  Devonian  ; Xorth  America  and  Eurojie.  ' 

^ l/iiphifjeniu,  Hall  (Pnaidiospheii,  Whidborne).  Elongate  - ovate,  higli-ji« 
shouldered  shells  without  median  fold  or  sinus.  Surface  with  concentric  i 
growth  varices  and  faint  radial  striae.  Dorsal  valve  tvith  a large  sub-ijuadrate ! 1 
hinge-plate  perforated  by  the  visceral  foramen  and  without  a cruralium.  i , 
Middle  Devonian;  Xorth  and  South  America,  France,  and  Germany.  I, 

Curnarophoria,  King  (Fig.  542).  Shells  Ithynchonelliform  with  the  surface  t 
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more  or  less  strongly  plicated.  Sjiondylium  supported  liy  a long  median 
septum.  Devonian  to  Permian ; 

Europe,  India,  and  North  America. 

CamarophoreUa,  Hall  and  Clarke. 

Biconvex,  sub-circular  Camaroplioriae, 
but  without  sinus,  fold,  and  plica- 
tions. Lower  Carboniferous  ; North 
America. 


Order  4.  TELOTREMATA. 
Beecher. 


Fig.  542. 


Articulate  Brachiopoda,  with  the 


Camaroxjhoria  i^chlotheimi,  v.  Buch.  Permian  ; Gera, 
Reuss.  .4,  Shell,  i/i.  B,  Cast.  C,  Interior  of  shell,  en- 

npflirle  mwriina  An  red  hu  hath  valves  hi  Fii-'ed  (yir.  Cardinal  process  ; c,  Crura  ; .r,  Sponayliiiiii ; 
ptuiue  uptlltiaj  blUULU  U/j  UUUO  UUUb  Ul  Dental  plates  of  dorsal  valve  ; s,  s',  Median  septa). 

nepionic  and  earlij  neanic  stages,  usuaJhj 

confined  to  one  valve  in  later  stages,  and  becoaiing  more  or  less  modified  hij  deltidial 
plates  in  ephehic  stages.  Brachia  supported  hg  calcareous  crura,  loops,  or  spiralia. 
Prodeltidium  absent. 


Superfamily  1,  RHYNCHONELLACEA.  Schuchert. 

Rostrate,  primitive  Telotremata,  with  or  untJwuf  crura.  Cambrian  to  Recent. 

Family  1.  Protorhynchiclae.  Schuchert. 

Primitive  Ehynchonellacea  without  deltidicd  plates  or  crura.  Cambrian  and 
> Ordovician. 

Protorhijncha,  Hall  and  Clarke.  Biconvex  Rhgnchonellae  with  the  fold 
and  sinus  ill-defined.  No  cardinal  process  or  dorsal  median  septum.  Surface 
! with  low  radial  plications.  Ordovician. 

! There  are  smooth-shelled,  Amry  primitiA'e  Ithijnchonellae  in  the  American 
' LoAver  Cambrian  belonging  to  this  family. 

Family  2.  Rhynchonellidae.  Gray. 

Ehynchonellacea  luith  crura  of  greater  or  lesser  length.  Ordovician  to  Recent. 

Orthorhynchula,  Hall  and  Clarke.  Ehynchonellae  Avith  short  straight  hinge- 
line and  cardinal  areas  in  both  A’alves,  bisected  mesially  by  open  delthyria. 
External  surface  plicate.  Teeth  unsupported  by  dental  lamellae.  A linear 
cardinal  process  present.  Ordovician  ; North  America. 

Ehynchotrema,  Hall  (Stenochisma,  Conrad,  1839  ; and  Hall,  1867).  Thick- 
shelled,  often  gibbous  Ehynchonellae  Avith  prominent,  thick,  concave  deltidial 
plates.  Dorsal  Aurh^e  Avith  a thick  median  septum,  upon  Avhich  rests  a linear 
cardinal  process.  Crural  plates  A^ery  broad  and  stout.  Ordovician  to 
Devonian  ; North  America. 

Ehynchotreta,  Hall.  Trihedral  Ehynchonellae  Avith  the  ventral  beak  acu- 
minate and  produced.  Pedicle  foramen  apical,  the  delthyrium  being  com- 
pletely closed  by  the  deltidial  plates.  Dental  lamellae  and  cardinal  jirocess 
' present.  The  prominent  dorsal-  median  septum  separates  posteriorly,  each 
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branch  supporting  one  process  of  the  divided  hinge-plate.  Silurian  ; North 
America  and  Euro]>e. 

Cuiiiarutuechia,  Hall  and  Clarke  (Plefhorh)riicha,  11.  and  C.)  lUn/nchonellae 
with  the  dorsal  median  septum  bearing  posteriorly  an  elongate  cavity. 
Cardinal  process  absent ; dental  lamellae  present.  Ordovician  to  Carboni- 
ferous ; North  America  and  Europe. 

LciorliJiitcItus,  Hall.  Like  Caniarotucchiu,  but  with  the  plications  on  the 
lateral  slopes  usually  faint  or  obsolete.  Devonian  to  Carboniferous. 

jnisoiiiu,  Kayser  (Uiiciiiiilitia,  Bayle).  Sub-cuboidal  or  sub-pentahedral 
lllninchoneUae  with  the  low  })lications  marked  anteriorly  b}'  fine  median  lines. 
Dental  lamellae  jiresent.  No  cardinal  process.  Silurian  and  Devonian ; 
North  America  and  Europe. 

Uiicinuhis,  Bavle.  Like  JHIsonia,  Imt  with  the  hinge-plate  undivided,  and 
with  a well-developed  cardinal  process.  Devonian;  North  America  and  Europe. 

lhll>othi/ris,  King.  Sub-cuboidal  L’lnincltonellae  with  a very  rudimentary 
dorsal  median  septum.  Plications  as  in  irUsoniu.  Ahiscular  sinus  frecpiently 
strongly  impressed  in  the  ventral  valve.  Devonian ; North  America  and 
Euro])e. 

I’lif/iiax,  Hall  and  Clarke.  L’lu/nchonellae  with  a deep  dorsal  and  shalloAv 
ventral  valve,  and  very  prominent  fold  and  sinus ; otherwise  resembling 
llijpothijris.  Devonian  to  Caiimniferous  ; North  America  and  Europe. 

Eutonia,  Hall.  Elninchonelhie  with  large,  Habellate,  deeply  excavated 
muscular  scars  in  the  ventral  valve.  No  dental  lamellae.  Cardinal  process 
large,  resting  ui)on  a short  median  septum,  and  bifurcate  at  its  summit. 
Devonian  ; Noi'th  America. 

Terehnifiiloidcu,  Waagen.  Elii/nchonellue  with  very  large  apical  foramen, 
but  without  dental  plates,  cardinal  process,  or  median  septa.  Carboniferous 
to  Permian  ; India. 

Elii/iichojioi'ii,  King  (llhi/ncJio/iorina,  Oehlert).  Plicate  L’li/inchonellae  with 
the  shell  substance  punctate.  Carboniferous  to  Permian  ; Europe  and  North 
America. 

L’lii/iirlioneJhi,  Eischer  (as  restricted  by  Hall  and  Clarke),  (Fig.  543,  A). 
.Sub-))yramidal  shells  with  a prominent  anterior  linguiform  extension.  Dental 
lamellae  and  a dorsal  median  septum  present.  No  cardinal  process.  Jurassic 
and  Cretaceous. 

Upwards  of  GOO  species  of  lUnjnchoiuJbi  liave  been  described,  most  of  which 
are  found  in  Mesozoic  strata  (Figs.  .')43,  74,  544).  It  is  probable  that  but  few  of  these 
agree  witli  the  type  species,  It.  lo.du,  from  the  Upper  Jura  of  Emssia.  Hall  and  Clarke 
have  shown  that  many  American  Palaeozoic  species  belong  to  other  genera  ; and  Bittner 
has  also  removed  from  Itlujnchondln  many  Triassic  species.  It  is  probable  that  no 
Palaeozoic  Itln/ndioneUac  s.s.  exist. 

llaloreUa,  Bittner.  Sharply  plicated  ItlnjnchoiieUae  with  a median  sinus  on 
l)oth  valves.  Alpine  Trias. 

^■luslriella,  Bittner.  Small  triangular,  usually  smooth-shelled  Ithynchonellae 
without  prominent  fold  and  sinus.  Alpine  Trias. 

E'orella,  Bittner.  Like  AustrielJa,  but  with  prominent  anterior  fold  and 
sinus.  Alpine  Trias. 

I'lii/nclionelUiia,  Gemellaro.  Transverse  ItJiijnchoneUae  with  fine  radial 
.striae.  Cardinal  margin  nearly  straight,  with  a low’  concave  ventral  area. 


ORDER  IV 


TELOTREMATA 


325 


Crura  very  long,  ventrally  curved.  Median  septum  of  dorsal  valve  faint. 
Jura  ; Sicily  and  the  Alps. 

Dimerella,  Zittel.  Small  plicate  shells  with  a high  umbo  and  a straight 


A 


IS 


Fic.  543. 

A,  RJiynchoncUa  loxia,  Fisch.  Upper  Jura  ; 3Iosco\v.  n,  7>,  Profile 
and  dorsal  view,  i/i  ; c,  Cast ; Anterior  view.  B,  R.  qucdriplicoU/, 
Quenst.  Middle  Jura;  Boptingen,  M’urtemberg. 


Fig.  544. 

--1,  rJiynclioncUa  respvrtllio, 
Brocchi.  Upper  Cretaceous ; 
Villedieu,  Touraiue.  i/i.  B,  B. 
locunosrt,  Sclilotli.  sp.  Uj^per 
Jura:  Engelhardsberg,  Franconia. 
Interior  of  dorsal  valve. 


hingedine.  Delthyrium  large,  with  linear  deltidial  plates.  Dorsal  valve 
with  a high  median  septum  extending  to  the  ventral  valve.  Alpine  Trias. 

Peregrinella,  Oehlert.  Large,  strongly  plicate  Hhijiichoiiellae  without  fold 
or  sinus.  Cardinal  area  well 
developed.  Cretaceous; 

Europe. 

Hemithijris,  d’Orb.  (Fig. 

545).  Smooth  or  faintly 
plicate  Bh  ijnchonellae  with  a 
high  ventral  beak  and  open 
delthyrium.  Xo  dental 
plates.  Eeceut. 

77  • 7 • T\  n T-)  nemtriiyris  imw'cea, 

T } tclciciy  Uelll.  XiCSGIll-  Mediterranean.  1/7. 

hling  Heviithyris,  but  with  a 
small  dorsal  spondylium.  Eeceut ; American 

Acanthothyris,  d’Orb.  (Fig.  546).  Like  the  last,  but  with  well-developed 
dental  plates,  and  the  exterior  surface  covered  with  sjiines.  Jura  to  Eeceut ; 
Europe  and  Japanese  Province. 

Cryptopora,  Jeffreys  {Atrefia,  Jeffreys;  Xeafretia,  Oehlert).  Small  smooth 
shells  with  an  acute  and  prominent  open  ventral  beak.  Dental  plates  and 
a high,  mesially  situated,  dorsal  septum  present.  Decent. 

Cydorhina,  Hall  and  Clarke.  Devonian  ; North  America. 


Lam.  sp.  Recent; 


Fig.  54C. 


A ca  n fhotliyris  spi  n o.?c, 
Schlotli.  sp.  ^Middle 
J ura ; Auerbach . Upper 
Palatinate. 


Pacific. 


Superfamily  2.  TEREBEATULACEA.  Waagen. 

Derived  Telofremata  with  the  hradiia  supported  hy  calcareous,  primitive,  or  meta- 
morphosed loops.  Devonian  to  Decent. 
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(Section  A.)  Tereiuiatula. 

1 /'rehruJ n]<(rca  with  the  loops  inisopporfed  hi/  a meiUan  dorsal  septum  at  any  star/e 
of  f/rouik.  Brurhial  cirri  directed  onticards  in  larval  stayts. 


Family  1.  Centronellidae.  Hall  ami  Clarke. 

lerehrat alas  icdh  the  loops  derelopinr/  direct  and  composed  of  tico  descendiny 
lamellae,  inntuaj  in  the  median  line  and  forminy  a hroad  arched,  plate.  Devonian 
to  Triassic. 


lliis  iamily  comjirise.s  the  siinple:^t  of  all  Terebratuloid.®,  and  from  it  are  probably 
descended  tlie  other  loop-bearing  families. 


Centronella,  Billing.s  (Fig.  o47).  Commonly  small,  smooth,  plano-convex, 
or  concavo-convex  shells,  with  the  descending  branches  of  the  loop  broadening 
rayiidly  anteriorly,  and  uniting  in  a triangular,  mesially  ridged  plate. 
Devonian;  North  America. 

Itcnsselaeria,  Hall.  Ovate  or  elongate-ovate  striate  Terebratuloids.  The 
descending  branches  of  the  loop  diverging  for  a short  distance,  thence  acutelv 
bent,  converging,  and  uniting  in  an  elongate  triangular  plate,  which  on  the 
A II  r i)osterior  margin  gives  off  a small,  pos- 

teriorly directed,  rod-like  process.  Hinge- 
plate  large  and  often  much  thickened. 
Thick  dental  ])lates  pi'esent.  Lower 
Devonian  ; North  America  and  Germany. 

Jieachta,  Hall  and  Clarke.  Lentiform 
finely  striated  llensselaeriae  with  the 
lateral  margins  of  the  valves  inflected, 
the  Jinterior  jdate  of  the  brachidium 
broader,  and  the  rod-like  process  longer. 
Lowei’  Devonian  ; North  America. 

Xeicherria,  Hall  {Itensselandia,  Hall). 
Kesembling  Itcnsselaeria  externally,  but  without  the  striate  surface.  Interior 
strongly  marked  l)y  muscular  scars  and  vascular  sinuses.  Devonian  ; North 
America  and  Europe. 


l-’iG.  o47. 

CentroiiiJhi  Hall.  Devonian  ; Krie 

C’omity,  X.  V.  .1,  /;,  Trolile  aii'l  dorsal  asiicct,  l/p. 
I '.  Loop,  ciilart^ed. 


(JnsL'ania,  Hall  and  Clarke.  Large  Cent ronellae  w'lih  a continuous  hinge- 
plate  bearing  a thin  vertical  s[)ur  or  cardinal  process.  Lower  Devonian; 
North  America. 

Helenella,  Hall  and  Clarke.  I bconvex  Tereliratulifoim  shells  with  a 

i'entronella-Wke  loop,  but  the  triangular  plate  not  mesially  thickened.  De- 
\ onian  ; North  America. 

Jtaiinni/erina , Hall  and  Clarke.  Small  biconvex  Centronellae  with  the 
median  ridge  (jii  the  anterior  2)late  of  the  loop  elevated  into  a high  A'ertical 
lamella  almost  touching  the  ventral  Aalve  and  extended  both  anteriorly 
and  p(jsteriorly.  Devonian  to  Lower  Carljoniferous ; North  America. 

Iniierm  (Bayle),  Hall  and  Clarke.  Plicated,  plano-convex  Cerdronellae. 
Devonian  ; France,  Brazil,  and  North  America. 

? Scaphwcoelia,  hitfield.  ^ cry  large,  jilicate,  piano-  or  concavo-convex, 
Centronella-Uke  shells  exteriorly.  Loop  unknown.  Shell  substance  fibrous, 
impunctate.  (?)  Devonian  ; South  America. 
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Juvavella,  Bittner.  Small,  smooth,  biconvex  shells,  with  a very  short 
Centmiella-like  loop.  Alpine  Trias. 

Nudeatula,  Bittner.  Like  Jiimrella,  but  having  a longer  loop  with  a well- 
developed  and  fimbriated  vertical  median  plate.  Alpine  Trias. 

Dinarella,  Bittner.  Alpine  Trias.  Chaseothyris,  Holzapfel.  Devonian ; 
Geimany. 


Family  2.  Terebratulidae.  Gray. 

Terehraiulas  developing  originally  a Centronella-lil'e  loop,  and  thence  hy  o,  short 
series  of  metamoiphoses  rcsidting  at  maturity  in  cx  free  loop  of  varying  form. 
Devonian  to  Kecent. 


Sub-Family  A.  Strixgocephalinae.  Dali. 

Terebratulidae  with  a long  loop,  following  the  margin  of  the  dorsal  valve,  not 
recurved  in  front.  Frohahly  no  median  coded  arm. 


IS 


Fi(  . 5IS. 


Striiigoceplmlus  Eurtini,  Defr.  Dt-vonian  ; Paffratli,  near  Cologne.  A,  Side-view,  % natural  .size.  E,  Greatly 
reduced  diagram  showing  bracliidiuin  and  median  septa.  C,  Young  specimen  with  large  delthyrium  and  deltiilial 
plates.  D,  Interior  of  dorsal  valve,  natural  size,  paitly  restored  (a.  Adductors;  c,  Crura;  J,  Dental  sockets; 
I,  Loop ; j)?’,  Cardinal  process ; s,  Median  sei>tum). 


Stringocephalus,  Defr.  (Fig.  .’548).  Devonian  ; Europe  and  North  America. 

Sub-Family  B.  Megalaxterinae.  Waagen. 

Terehratulidae  ivith  a long  loop  giving  off  ascending  branches.  Devonian  to 
Carboniferous. 

Megcdanteris,  Oehlert  (Meganteris,  Suess).  Large,  smooth,  equally  Ificonvex, 
sub-oval  shells,  with  the  long  convergent  jugal  jirocesses  of  the  loop  extending 
beyond  the  connecting  band  of  the  ascending  branches.  Devonian  ; Europe 
and  North  America. 

Cryptonella,  Hall.  Elongate  oval  shells  with  short  jugal  processes. 
Devonian  to  Lower  Carboniferous;  North  America,  England,  and  Bohemia. 
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Harffina,  Hall  ami  Clarke.  CeutroncUa-]ike  shells  -with  a high  dorsal 
median  septum  and  the  descending  branches  of  the  loop  laterally  fringed  ivith 
irregularly  set  spinules.  Carboniferous  ; North  America  and  Brazil. 

? Criiptacanthia,  White  ^and  St.  John.  Upper  Carboniferous ; North 
America. 

Sub-Family  C.  Terebratulinae.  Dali. 

TerehfattiUilae  with  a shod  loop.  A median  unpaired  coiled  arm  exists  in  recent 
genera.  Devonian  to  Becent. 

Of  this  large  sub-family  only  a few  of  the  more  important  genera  can  be  briefly 
considered  liere. 

Jdielasma,  King  (Epithi/ris,  King),  (Fig.  549).  To  the  divergent  crural 
plates  is  attached  a shallow,  often  quite  long,  anteriorly  acuminate  hinge- 


Fif:.  5411. 

DicJasrn/f  clnnfjato,  JSdilotli.  sp.  Permian  ; limn- 
Ifleton,  Pjii;ilan(l.  A,  Dorsal  and  anterior  views, 
^/j.  Interior  of  conjoineil  valves,  greatly  en- 
larged (after  David.son). 


Fig.  650. 

Teirhi'/ifulind.  snh- 
str}nt(f,Hch\ot]i.  sp. 
Uifper  -Jura  ; Nat- 
tlicim,  Wiirtein- 
berg.  Vi. 


Fig.  561. 

TcrehrainUi  Philliptii, 
Morris.  Middle  Jura;  Egg, 
near  Aarau,  Switzerland.  J/i. 


plate  carrying  the  muscles  of  the  dorsal  valve.  Devonian  to  Permian ; 
Europe,  India,  and  America. 

Eunella  and  Crauaena,  Hall  and  Clarke.  Dielasmas  -without  the  adherent 
myiferous  hinge -plate.  Devonian;  North 
America. 

Beecheria,  Hall  and  Clarke.  Smootn-shelled 
Dielasmas  -vvithout  dental  plates,  but  with  the 


Fic.  ’>'y2. 

vilrcn,  Liim.  sp.  Recent;  Mediterranean,  i/i- 


I'li;,  b'j'S. 

I‘y(jnpf  lUjihyi',  Colonna.  Tithonian; 
'I’rent,  Tyrol,  i/]. 


myiferous  plate  wholly  attached  to  the  dorsal  valve.  Carboniferous ; North 
America  and  India. 

Ihelasrnina,  Waagen.  Plicated  Dielasmas.  Carboniferous  ; India. 
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Hemiptijchina,  Waagen.  Plicated  Dielasmas  without  dental  plates. 
Carboniferous  to  Permian  ; India. 

Notoihyris,  "Waagen.  Carboniferous ; India.  TerehratuUna,  d’Orbigny 
(Fig.  550).  Jura  to  Eecent.  Distribution  general. 

Terehrafula,  Klein,  1753  (Fig.  551).  Genus  not  well  known.  Mesozoic  or 
Tertiary. 

Liothyrina,  Oehlert  {Liothyris,  Douville),  (Fig.  552).  Tertiary  to  Eecent. 


Fig.  554. 


Dictyothyris  coo.rctata,  Pf(rk  sp.  Great  Oftlite  ; Bath,  Englaii<l.  A-C, 
Three  views  of  the  natural  size.  I>,  Portion  of  outer  surface,  enlarged, 

i 


Fig.  555. 

Glossothyris  nvcleo.ta,  Schloth. 
sp.  Upper  Jura  ; Eiigelhardsberg, 
Franconia.  Vi- 


Pygope,  Link  {Dipjhyites,^c\xr'6ier,  Pugifes,  de  Hann;  Catullo),  (Fig. 

553).  Shell  originally  bilobed,  the  two  lobes  often  uniting  anteriorly  in 
adult  specimens,  but  leaving  posteriorly  a median  hollow  space  passing 
through  the  shell.  Jura  ; Europe. 

PJicfyofhyris,  Douville  (Fig.  554-)  ; Glossothyris,  Douville  (Fig.  555)  ; 
(?)  Discidina,  Deslong.  All  from  the  European  Jura. 

Zugmeyerm  and  Ithaetina,  "Waagen  ; and  Propygope,  Bittner.  Trias  ; Europe. 


Sub-Family  D.  Discoliinae.  Beecher. 

Terehratulidae  with  the  loop  short  and  no  coiled  median  arm.  (?)  Cretaceous, 
Eecent. 

Discolia  and  Eucalathis,  Fischer  and  Oehlert.  Eecent. 

? Agulhasia,  King.  Small  Terehratulina-\ike  shells  with  the  ventral  lieak 
greatly  elevated  and  a triangular  false  cardinal  area.  Cretaceous  to  Eecent. 

(Section  B.)  Terebratella. 

Terehrahdacea  tvith  the  loop  supported  by  a median  dorsal  septum  throughout  life, 
or  only  in  the  younger  stages.  Brachial  cirri  directed  inwards  during  larval  stages. 
This  section  has  tu'o  phyla  having  a common  origin,  noiv  geographiccdly  separeded  in 
two  provinces,  one  austral,  the  other  boreal. 


Family  1.  Terebratellidae.  King  (emend.  Beecher). 

TerebraUdacea  with  the  loop  in  the  higher  genera  composed  of  two  primary  and 
two  secondary  lamellae,  passing  through  a series  of  distinct  metamorphoses  ivhile 
attached  to  a dorsed  septum.  Devonian  to  Eecent. 
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Sub-Family  A.  TRoriDOLEi'iiiXAE.  Schuclievt. 

TerchmfcIUilae  xcifh  fhe  loop  consisfiinj  of  two  slender  descendinej  hranclies,  uiiitimj 
u'ith  a high,  vertical  septinn.  Devonian. 

Tropidoleptus,  Hall.  Plano-convex  plicated  shells  with  a long  straight 
and  narrow  cardinal  area.  Teeth  and  dental  sockets  corrugated  on  their 
outer  surfaces.  Devonian  ; America,  Europe,  and  South  Africa. 


Sub-Family  B.  Megathyrixae.  Dali  (emend.  Beecher). 

Terehratellidae  in  u'hich  the  loop  is  composed  of  descending  hranches  onlg,  pmssing 
in  the  highest  genus  through  stages  correlative  with  Owjinia,  Cistella,  ami  Megathijris. 
The  lower  genera  do  not  complete  the  series.  The  original  stock  for  the  two  following 


snli-families. 

(Urgnia, 


Jurassic  to  Decent. 


King. 


I’lO.  6.0i'i. 

Chtclln  hiloru- 
hn'is,  Desl.  sR. 
Cenomaiii;iii  ; La 
Maiiclic.  Vi- 


Mtotilh arts  th'rnlhau,  C'hciii.  sp. 
Ri'Pi'iit ; McililiMTani'aM.  iMtcrior 
or  dorsal  valvr,  ■>/]  (after  Daviilsoii). 


IMinute,  elongate  - oval,  smooth  shells  with  a short, 
nearly  straight  hinge-line.  Neither 
septa  nor  loop.  Brachia  [irimitive, 
consisting  of  a circlet  of  cirri. 
Recent. 

Zellania,  Moore.  Minute  shells 
without  a loop,  but  with  a median 
se|)tum  in  each  valve.  Lias  ; Europe. 

Cistella,  Gray  (Fig.  556).  Ex- 
ternally like  Megathgris,  but  without 
lateral  septa.  Cretacefms  to  Recent ; 
Euroiie. 

Megathgris,  iVClrbigny  {Argiope,  Deslong.),  557).  Transversely  elon- 

gate, plicate,  shells  with  long  and  straight  hinge-line.  Dorsal  valve  with 
three  or  five  septa,  causing  the  brachidium  to  have  four  lobes.  Jura  to 
Recent  ; Europe. 

Sub-Family  C.  Dallixixae.  lAecher. 

Terehratellidae  with  the  loop  composed  of  descending  and  ascemling  lamellae, 

passing  in  the 
highest  genera 
through  metamor- 
jihoses  comparahle 
to  the  ad  nit  slrnc- 
ture  (f  I’hdidia, 
Ismenia,  Mnehl- 
feldtia,  Terehrat- 
(dia,  and  Dallina. 
The  lower  genera. 
Fig.  therefore,  do  not 

Miiciiifihniii  trunecto,  Geniiu.  sp.  proiiress  to  the  thud 

Ri-oent  : Jleditfrraneaii.  Interior  r 

of  dorsal  v.alve  (c,  Crura  ; it,  Dental  stugeS.  •)  Ura  tO 
socket.s  ;c,  .Iii^iiin  I,  Ascending  tj  ' 4.  I’neoiit 

and  descending  brandies  of  loop;  lieceill.  litcci 
P,  Process  attached  to  median  „e,iera  restricted 
sp|)tu?ii : ;>>*,  Cardinal  process  ; fe 
Median  septum).  tO  l^Oreal  SGilS. 


Fig.  06S. 

iifrtuDmlvs,  Scldotli.  sp.  L'p]»er 
Jura;  Engelliardsber;:.  Franconia.  --l-C,  Shell 
of  the  natural  size.  Lf,  E,  Two  views  of  loop, 
enlarged. 


Platiilia,  Costa  (Morrisia,  Davidson).  Small,  smooth,  biconvex  shells  with 
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a large  pedicle  opening  common  to  both  valves.  In  the  dorsal  valve  there 
is  a high  vertical  plate  to  which  are  attached  the  descending  liranches ; 
ascending  branches  not  represented.  Recent. 

Ismenia,  King.  Coarsely  plicate  shells  with  the  loop  consisting  of 
fimbriate  descending  branches  and  simple  ascending  liranches.  Jura. 

Muehlfeldtia,  Bayle  (Megerlea,  King),  (Figs.  558,  559).  Jura  to  Recent. 

Frenulina,  Dali.  Sub-genus  of  MnehlfchWa.  Recent. 


A,  B,  Kingena  limn,  Defr.  Cretaceous;  Engl.and.  Lateral  and  frontal  aspect  of  loop,  enlarged  (after 
Davidson).  C,  Specimen  from  the  Oaleritenplaner  of  .Salzgitter.  i/j.  D,  External  surface,  enlarged. 
E,  F,  Kingena  Friesensi:<,  Schrlifer  sp.  Upper  Jura;  Gruihingen,  Wilrtemberg.  i/j.  (c.  Crura;  d,  Dental 
sockets  ; e,  Jugum  ; /,  I,  Ascending  and  descending  branches  of  loop  ; J,  Canlinal  process  ; r,  Point  of  recurva- 
ture of  loop  ; S,  Median  septum). 


Terebratalia,  Beecher.  Shell  when  adult  like  TerebmfeUa,  but  passing 
through  a quite  different  series  of  metamorphoses.  Recent. 

Dallina,  Beecher.  Elongate  TerebrataUae  with  a small  cardinal  process 
and  a ventral  median  sinus.  Tertiary  to  Recent. 

Macandrevia,  King.  Elongate  TerebrataUae  with  dental  plates  and  no 
cardinal  process.  Recent.  A sub-genus  of  Eudesia,  according  to  Dali. 

Laqueus,  Dali  {Frenida,  Dali).  Like  Terebratalia , but  the  loop  has  two 


Fig.  561. 

Lyra.  Neocomiensis,  d’Orb.  Lower 
Cretaceous  ; Morteau,  Doubs.  Natural 
si2e. 


Fig.  502. 

A,  Trigonosemus  degans,  Defr.  Wliite  Chalk  ; 
England.  Interior  of  dorsal  valve,  enlarge'l  (after 
Davidson).  B,T.  Palissyi,  Woodw.  U]>per  Cretace- 
ous ; Ciply,  Belgium.  Vi-  (Drawn  from  nature.) 


lateral  processes  connecting  the  ascending  and  descending  branches.  Recent. 

Kingena,  Davidson  (Kingia,  Schoenbach),  (Fig.  560).  Cretaceous  ; Europe 
and  North  America. 

Li/ra,  Cumberland  {Terebrirostra,  d’Orbigny),  (Fig.  561).  Cretaceous; 
Europe. 
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Tfirionosemus,  Koenig  (Fissurirosfra,  Fissirosfru,  d’Orb.  ; I)ell}t;/ridea,  King), 
(Fig.  oG2).  Cretaceous;  Europe. 


Microflvjris,  Deslongchamps 


(OrnifheUa,  Deslong.),  (Fig.  5G3).  .Tura. 
ZeiUeria,  Bayle,  seems  to  flitter  only  in 
having  a hiplicate  dorsal  valve.  Europe. 

Anlacothiii'is,  Douvill^  (Fig.  oG4). 
Trias  to  Cretaceous ; Europe.  Endesut, 


I'm;. 

h’nrni’lis,  Soltlotli.  s]>.  Coi'ii- 
bi.isli  ; KiisImImm.  En;;laiMl.  I i (after  ll;ivid'OM). 


I'K!.  5iU. 

roinpinitfa^  Sow.  s]).  MiiMle  I.,ia.s;'II- 
iiiiiister,  EiiftlaiMl  (after  De.sloiigclianip.s). 


King  (0/'//(b/t///n/,  Trii/onFla^  ()uenstedt;  Fluhelhifluiris,  Deslong.)  Jura;  Europe. 

Findirlofli i/ris  and  Ejiinirfa,  Deslong.  Jura.  Cnnieroth/iris,  Bittner.  Trias. 
Cinefa,  ()uenstedt.  Jura,  y} idijifi/china,  Zittcl.  Jura.  Flesiofht/ris,  Douville. 
Jura;  Eurojfe. 

JFiinujilioria,  Suess  ; U'riinitidii,  Bittner;  'I  Orthoidea,  Friren. 

Suh-Family  ]).  M.vgk!.l.vnix.\e.  Beecher. 

TeretiratdUdac  with  the  loop  composed  of  descending  and  ascending  hranches,  passing 


the  higher  genera  through  rnetaniorphoses  cornparahle  to  the  adult  structure 


n-P  'RnUr- 


Fkj.  505. 

pumihi.s:.  .Sow.  Wliite 
f'halk  ; Men'lon.  near  P.ans.  .1,  }}, 
sliell,  1 1.  C.  Vertic.il  section. 
I>.  Interior  of  dorsal  valve. 


f'nn)nth;iris  indfffiri'i,  Schloth.  sp.  Musclielkalk  ; Wiirzburg.  ’ 
.1.  T)orsal  and  anterior  views, ^/].  /*’,  Loop  enlarged  and  restored 

from  sections  treated  with  acid  (partly  after  Koschiiisky). 


Fig.  506. 
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chardia,  Magas,  Magasella,  Terehratella,  and  Magdlania.  llie  luicer  genera  lecome 
adidt  lefore  reaching  the  terminal 
stages.  Jura  to  Recent.  Recent 
genera  restricted  to  austral  seas. 

Rour/uoy/ia, Davidson  ( Pach/i- 
rhgnchus, K.ing).  Recent;  South 
Atlantic. 

Magas,  Sowerby  (Fig.  565). 

Cretaceous;  Europe.  Magasella, 

Dali.  Recent.  Coenothijris, 

Douvillb  (Fig.  566).  Trias. 

Terehratella,  d’OiRigny  {Del- 
thi/ris,  Menke  ; Ismenia,  King  ; 

JFaltonia,  Davidson),  (Fig.  567). 

Jura  to  Recent. 

Magellaniu,  Bayle  {JFcdd- 
heimia.  King ; Neothgris,  Dou- 
ville),  (Fig.  568,  also 
497,  498).  Jura  to  Recent. 

Ithi/iichorina,  Oelilert.  Cretaceous.  Megcrlinu,  Deslongchamps.  Recent. 
Kraussina,  Davidson  {Krcmssia,  Davidson).  Recent.  Mannia,  Deivalque. 
Miocene.  1 Ehynchora,  Cretaceous. 


Figs. 


Fig.  00 1. 

Terehratella  dorsatu, 
sp. 

Vi- 


Lam. 

Chili. 


Recent ; 


Fig.  5GS. 


Magcllanio  flavcsccns,  Val.  Recent; 
Australia.  Interior  of  dorsal  valve, 
somewhat  enlar^;ed. 


Superfamily  3.  SPIEIFERACEA.  Waagen. 

Telotrernata  with  the  adult  brachia  supported  Inj  calcareous  spired  lamellae  or 
spiralia.  Ordovician  to  Jurassic. 

The  Spiriferacea  are  abundantly  rejiresented  from  the  Silurian  to  the  Carboniferous, 
during  which  time  the  jugum  undergoes  many  and  often  rapid  changes.  The  brachidia 
in  Zygospira  are  known  to  begin  with  a Centronella-likt  loop,  as  in  the  primitive  Terc- 
hratulacea. 

Family  1.  Atrypidae.  Gill. 

Sjnriferacea  nith  the  crura  directly  continuous  with  the  primary  lamellae,  winch. 

diverge  widely  and  have  the  spired  cones  hehveen  them. 
Jugurii  simple,  coniplete,  or  incomplete.  Ordovician 
to  Devonian. 

This  family  is  divided  into  Zygospirinae,  Daxyinoc, 
and  Atrypinae,  according  to  modifications  of  the  jugum 
or  position  of  the  spirals. 

Zygospira,  Hall  {Anazyga,  Davidson  ; Orthono- 
maea.  Hall ; Hedlina,  Winchell  and  Schuchert ; 
Protozyga,  Hall  and  Clarke  (Fig.  569).  Like 
Atrypei,  but  small,  and  the  spirals  composed  of 
fewer  coils.  Jugum  a simple  connecting  band, 
situated  rather  anteriorly.  Surface  sharply 
plicate,  never  lamellose.  Ordovician  and  Sil- 
urian ; North  America. 

Catazyga,  Hall  and  Clarke.  More  rotund  and  finely  striated  than  Zygospira, 
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with  tlie  coni2)lete  jngum  deciiledly  posterior  in  position.  Ordovician  and 
Silurian  ; North  America. 

Hall  and  Clarke.  Primitive  Atnjpae  with  few  ]>lications,  and 
Imt  three  or  four  volutions  in  each  spiral.  Jugum  as  in  Afnipa,  but  continuous. 

Silurian  to  Devonian  ; 
North  America  and 
Euro))e. 

Glassia,  Davidson 
(Fig.  570).  Small  smooth 
shells,  with  the  apices  of 
the  laterally  compressed 
spirals  situated  at  the 
centre  of  the  brachial 
cavity.  Jugum  similar 
to  that  of  ^Itnjpina.  Or- 
dovician to  Devonian  ; 
Europe. 

Jjdilin,  Davidson  (Fig.  571).  Small  smooth  shells,  with  the  jugum  situated 
anteriorly,  and  drawn  out  ])osteriorly  into  a simple  short  i)rocess.  Spiralia 
laterally  directed.  Silurian  ; Europe. 

Ah'iipii^  Dalman  {(AeiolJn/ris,  Phill.  ; Spiriiierina,  d’Orb.),  (Fig.  572).  Shell 
r.ulially  plicated,  usually  with  lamellar  expansions  or  hollow  spines.  Sj)irals 
introverted,  dorso-medially  directed.  Jngum  extremely  ])osterior  in  position. 


( ihissiii  oho  C>'f I',  8<)W. 
Silurian  ; Wtuilock,  Knj^'laiul. 
lnt(*rior  of  dorsal  valvi.*,  -Vi 
(aft'T  Davidson). 


Ihniiii  /wcicuhi 
Ludlow,  Slirop-shire. 
son). 


•Sow.  sj).  .Silurian  ; 
•V-j  (after  David- 


Fio.  . 


Afri/pn  r€firiiJari<.  Lin.  sj*.  Middl»,‘  D'*vonian  ; Gorolstein,  P3ilel.  .!,  Dorsal  aspect  of  adult  speciiiieii. 
y.',  Ventral  aspect  and  profile  of  youn-.;  sliell.  Interior  of  doihsal  valve,  showing  spiralia,  crura,  and  .jugum.  | 
I>.  Ventnil  valve,  slmwing  nuiscular  and  vascular  impressions  (o,  A<lductors  ; c,  Dicluctors  ; d,  Deltidial  jdates;  ' 
o,  Ovaries;  p,  iVdicle  muscle).  ' ' 


and  complete  in  young  stages ; but  mesially  absorbed  at  maturity.  Widely 
distributed  in  the  Silurian  and  Devonian. 

(inicnewuhltia,  Tschernyschew.  Afriipn-YikQ  shells,  but  with  the  relative  j 
convexity  of  the  valves  reversed.  Devonian;  Kussia. 

? K<irjiiiiski/(i,  Tschernyschew.  Elongate,  Afr/ipaAike  shells,  with  a median  i 
dorsal  septum.  Devoinan  ; Pussia.  ^ 

1 Clinfonello,  Hall  and  Clarke.  Silurian;  North  America. 


Family  2.  Spiriferidae.  King. 

Spirifcracea  with  the  rnira  <lircdhj  confinnoas  with  the  bases  of  the  primanj  . 
lamettne,  v:hkh  are  situated  between  the  luteralhj  directed  spnralia.  Jugum  simple,  \ 
cornpikte,  or  incomplete.  Silurian  to  Jurassic. 
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This  family  is  divided  into  the  following  suh-families — -SuessHiuie,  Uncitinae,  and 
Trigonotretinae. 


C//rtina,  Davidson  (Fig.  573).  Ci/rtia-like  shells,  with  the  dental  lamellae 
converging  and  united  with  the  median  septum.  Loop  Y-shaped,  complete. 
Silurian  to  Lower  Carboniferous.  Distribution  general. 

Thecooirfella,  Bittner.  Very  small,  ventrally  cemented,  smooth-shelled 
Ci/rtinae.  Alpine  Trias. 

Bittnerula,  Hall  and  Clarke.  Like  Thecociirtella,  but  with  the  alibreviated 


,1  n 


Fig.  573 


*4,  Cyrtina  heterodyta,  Defr.  sp.  Devonian  ; Eitel.  i/j.  B,  Shell 
with  dorsal  valve  mostly  removed,  shoving  spiralia,  3/2  (after  David- 
son). C,  Cyrtina  carbonaria,  M‘Coy.  Carboniferous  Limestone; 
Kendal,  Ireland,  i/j.  Interior  of  ventral  valve.  The  pseudodeltidium 
is  removed  to  show  the  dental  plates  and  median  septum. 


Fig.  574. 


Sjiiriferina  rostrate,  Sow.  .s]». 
iUiddle  Lias;  Ilminster.  1/1  (nfter 
Davidson). 


dental  plates  uniting  with  the  very  high  median  septum,  forming  a transverse 
platform  beneath  the  united  deltidial  plates.  Alpine  Trias. 

Sjiiriferina,  d’Orb.  (Fig.  574).  Like  Spirifer,  but  with  the  shell  substance 
punctate,  and  a prominent  ventral  median  septum.  Loop 
simple,  complete.  Carboniferous  to  Jura. 

Suessia,  Deslongchamps.  Similar  to  Spiriferina,  Imt 
the  dental  plates  not  extending  to  the  bottom  of  the  valve. 

Jugum  with  a median  process.  Jura;  Europe. 

Uncites,  Def ranee  (Fig.  575).  Shells  rostrate,  striate, 
with  the  ventral  beak  long,  frequently  distorted  and 
arched.  No  cardinal  area.  Deltidial  plates  united, 
forming  a concave  plate.  Pouch-like  plates  just  within 
the  margins  of  the  dorsal  valve.  Devonian  ; Germany. 

U ncinella,  'SV&'Agen.  Carboniferous;  India. 

Spirifer,  Sowerby  {Trigonotreia,  Koenig;  Churistites, 

Fischer  de  'Waldheim  ; Brachi/fhinis  and  Fusella,  M‘Coy  ; „ . , 

Tr  1 Til  /-\  1 \ /tA*  L^^  n T n Uiicites gryiiJuis,  Sciuoth. 

Ili/sterollt/ias^  (^uensteat),  (-tig.  o/o).  bheli  radially  Devonian;  Benzberg,  near 

plicated  or  striated,  crossed  by  concentric  growth-lines,  Vi- 

lamellae,  simple,  or  compound  spines.  Hinge-line  generally  long  and  straight. 

Ventral  valve  usually  with  moderately  high  cardinal  area,  and  stout  simple 

teeth  supported  by  short  dental  lamellae.  Delthyrium  open.  Spirals  directed 

toivards  the  cardinal  angles  of  the  valves.  Jugum  at  maturity  represented 

by  two  short  spur-like  processes,  which  are  not  in  contact  with  each  other. 

Generally  distributed  and  extraordinarily  abundant  in  the  Silurian,  Devonian, 

and  Carboniferous. 


Fig.  575. 
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The  species  of  Spirifcr  have  recently  been  grouped  by  Hall  and  Clarke  into  six 
sections  as  follows  : — liadiuti,  with  fine  filiform  striae  ; LarnellosI,  with  concentric 

.1  ii 


.1,  Sjiirifcr  sfrit>fu.<,  Sow,  Carhonifcrous  Liinestoiic  ; Irclaml.  Portinn  of  <lorsal  valvi*  removed,  .showing 
sjiiralia,  ^^'4  (after  Oavidsoii).  IJ,  sjicriosus,  Schloth.  sp.  D'-vonian  ; Kifel.  Vi-  wfcroptem.^,  Goldf.  s]>.  ■ 

Devonian:  Cohleiiz.  Vi*  Mos(jncn>!.<y  Vern.  Sub-Carboniferous;  3Ioscow.  K,  Same,  interior  of 

Ventral  valve,  J/j  (p,  r.seu<loileltitlium  ; .r,  Dental  plates). 


lamellae  ( = JieUhi/ris,  Dalman);  Fimhriati,  witli  concentric  rows  of  fine  sjhnes  { = Reti- 
culnrid,  iM‘Coy);  AjX-rtuwfi,  with  plications  on  fold  an<l  sinus;  Ostiolati,  witli  the 
median  fold  and  sinus  without  jilications  ; lilahniti,  Avith  the  surface  smooth  and 
glabrous  { = Murtinia,  i\I‘Coy  ; Martiniopsix,  Waagen  ; and  Mcntzdia,  Quenstedt). 


1)V  having  an 


C'l/rfia,  Dalman  (Fig.  1377).  Distinguislied  from  Spirifa 
unusually  high  ventral  area,  Avith  its  dchliyrium  closed  by  a perforated 
deltarium.  Silurian  to  Devonian ; Europe  and  North 
America. 

Sf/rinpothi/ris,  Winchell.  SpiriferAike  shells,  usually 
Avith  large  and  erect  cardinal  areas  and  an  intei'iial  tube 
or  syrinx,  situated  in  the  delthyrium.  Carboniferous; 
North  America  and  Europe. 

Ainhocoeliu,  Hall.  Small,  concaA'e,  or  j)lano-convex, 
usually  smooth  Spirifer-Ukc  shells.  Four  Avell-defined 
adductor  scars  near  the  anterior  margin  in  the  dorsal 
shell.  Devonian  to  Carboniferous  ; North  America  and  Eurojie. 

J~erneuiUa,  Hall  and  Clarke.  Small  Spirifers,  Avith  a deep  median  sinus 
and  tAvo  pronounced  diA'ergent  ridges  on  each  valve.  Devonian  to  Carboni- 
ferous ; Europe. 


Fig.  077. 

(' III  tin  r.rpnrrcrtn^  Dalm. 
Silurian  ; Gultlaiul.  Xatural 
size. 
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Metaplasia,  Hall  and  Clarke.  »S))d7/i?;’-like  shells,  with  a median  fold  on 
the  ventral  valve  and  a sinus  on  the  dorsal  valve.  Lower  Devonian  ; North 
America. 


Family  3.  Athyridae.  Phillips. 

Spiriferacea  with  the  bases  of  the  primanj  lamellae  situated  between  the  spiralia, 
and  sharply  recurred  dorsally  at  their  junction  luith  the  crura.  Spiradia  more  or  less 
laterally  directed.  Jugum  complete,  V-shaped,  tvith  the  apex  drawn  out  into  a simple, 
bifurcated,  or  othenvise  modified  y^rocess.  Silurian  to  Trias. 

This  large,  chiefly  Palaeozoic  family,  with  its  numerous  highly  differentiated  species, 
is  divided  into  six  sub-families,  on  the  basis  of  the  simplicity  or  complexity  of  the 
jugum.  These  are  the  Ehynchospirinae,  Hindellinae,  Athyrinae,  THplospirinae,  Koninch- 
ininae,  and  Meristellinae. 

Bhynchospira,  Hall  (Fig.  .578,  C,  D).  Eostrate,  radially  plicate  shells  with 
a short  curved  hinge-line ; apex  truncated  liy  a circular  pedicle  opening. 
Dorsal  hinge-plate  like  that  of  Trematospira.  Spirals  with  from  six  to  nine 
volutions.  Jugum  V-shaped,  expanding  apically  and  terminating  posteriorly 
in  an  oblique  edge.  Shell  structure  punctate.  Devonian  to  Lower  Carboni- 
ferous ; North  America  and  Europe. 

Homoeosynra,  Hall  and  Clarke.  Like  the  last,  but  dift’ers  in  having  a linear 
cardinal  process  separ- 
ating the  crural  plates. 

J ugum  not  apically 
expanded,  but  termi- 
nating in  an  acute 
stem.  Silurian  ; North 
America. 

Ptychospira,  Hall 
and  Clarke  (Fig.  578, 

A,  B).  Like  Bhyncho- 
spira, but  with  a few 
angular  plications.  The 
jugum  has  a long  simple 
process  passing  out- 
ward between  the  coils 
to  near  the  inner  surface  of  the  ventral  valve.  Devonian  to  Lower  Carbon- 
iferous ; North  America  and  Germany. 

Betziu,  King  (Trigeria,  Bayle).  Eesembling  Bhynchospira  externally.  The 
ventral  umbonal  cavity  has  a split  tube.  The  single  process  of  the  jugum 
terminally  forked.  Devonian  ; Europe. 

This  genus  formerly  contained  all  shells  having  a Retzioid  exterior.  At  present, 
however,  but  a single  species  is  admitted. 

Hustedia,  Hall  and  Clarke.  Externally  like  Eumetria,  Init  with  coarse 
plications,  and  internally  with  a split  tube,  as  in  Betzia.  Spirals  and  jugum 
similar  to  that  of  Eumetria,  but  with  fimbria  and  spinules  respectively. 
Upper  Carboniferous ; America,  Europe,  India,  and  China. 

Trematospira,  Hall.  Transverse  Bhynchospirae.  Silurian  and  Devonian  ; 
North  America. 


.1  C D 


Fig.  578. 


A,  B,  Ptfichospim  ferila,  von  Bucli.  Devonian  ; Gerolstein,  Eifel.  Vi- 
C,  D,  lihynchos'pirrj  .Salieri,  David.  Silurian  ; Wenlock,  Shropshire.  C,  In- 
terior of  dorsal  valve.  D,  Median  vertical  section  through  both  valves, 
(after  Davidson). 
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I (u (i.jlifa,  Hall  and  Clarke  (Fig.  579).  Like  Treiiiatospird,  but  M’ith  the 
line,  simple  ribs  covered  rvith  very  delicate,  short,  hair-like  spines.  De- 
vonian ; A'orth  America. 

£ninefria,  UiiU.  Elongate  terebratuliform  shells  with  numerous  fine 
ladiating  stiiae.  Hinge-line  short.  Doi’sal  hinge-plate  very  complicated. 

Jugum  similar  to  that  of  lletzia,  but  the  terminally 
bifurcated  j)rocess  is  extended  backward  at  an  abrupt 
angle,  and  terminates  just  in  front  of  the  apices  of  the 
jn’imary  lamellae.  Shell  structure  punctate.  Lower 
Carboniferous  • Xorth  America  and  Europe. 

Acarnhona,  A bite.  Carboniferous  ; Xorth  America. 

HiivldJa,  Davidson  (?  IJlntfiehleUa,  Hall  and  Clarke). 
Ovate  or  elongate,  sub-e(]ually  convex,  smooth,  Athyroid 
shells.  The  ^ -shaped  jugum  has  a short,  acute  process. 
A dorsal  median  septum  present.  Silurian  and  De- 
vonian ; Xorth  America. 

lliiaftdlu,  H.  and  C.  Similar  to  IFliUfiddeUa,  but 
compactly  sub  - pentahedral,  and  without  the  dorsal 
median  se])tum.  Silurian  ; Xorth  America. 

Aadeospira,  Hall  (hig.  580).  Sub-circular,  biconvex 
shells  with  numerous,  fine,  short  spinules.  Jugum  with 
a^  long,  straight,  simple  process.  Silurian  to  Lower 
Carboniferotis  ; Xorth  America  and  Europe. 

Anoplufheca,  Sandberger  (Jlifoht,  Davidson).  Concavo- 
convex  small  shells  with  few  plications,  crossed  Ity  fine, 
often  unbricating  growth  lines.  Jugum  originating  near  the  mid-length  of 
Hie  primary  lamellae,  uniting  and  forming  a sinijile  upright  stem  articulating 
in  a cavity  in  the  ventral  valve.  Dorsal 
valve  witli  a high  median  septum.  De- 
vonian ; (Termany  and  France. 

Codospiiv,  Hall  (Lrptorodia,  Hall). 

Shells  externally  much  like  Afri/pa,  l)Ut 
with  laterally  clirected  spirals.  Jugum 
similar  to  that  of  Anoplofltccu . Silurian 
and  Devonian  ; America,  Europe,  and 
South  Africa. 

Anaha,  Clarke.  Similar  to  C(jdo- 
spiw,  but  with  a highly  coiu'e.x  dorsal 
valve.  Silurian  ; Erazil, 

J ifiihiio,  Hall.  Like  Codosjiircp  but 
with  few  plications  and  a long  hinge-line.  Plications  covered  with  fine 
radiating  lines  or  rows  of  pustules.  Devonian  ; America  and  South  Africa. 


Fk;.  'j7'.K 

hirsiilii,  Ilall.  De- 
vonian ; l.ouisville,  Ken- 
tueky.  .-I, of  llien.atnral 
■sizH.  y;,  Same  with  ilorsal 
valve  jiartly  broken  nijen, 
^ll0^vine  sjiiralia.  r,  Ilinee- 
lineof  ventral  valve,  enlar-'eil 
(after  Hall). 


-N  Iickos/iirri  jiisiim,  Sow.  Silurian  ; Wenlook,  Eng- 
laml.  A.  Interior  of  dorsal  valve.  11,  Vertical 
■section  tbronydi  both  valves,  5/.,  (after  Davidson). 


Merisfina  (UldfJkAia,  Davidson),  (Fig.  581).  Biconvex,  smooth-shelled 

At  iyroids.  Jugal  stem  with  a short  bifurcation.  Silurian  : Xorth  America 
;ind  rmrope. 

Glassina,  Hall  and  Clarke.  Like  Mcristina,  but  with  the  bifurcations  of 
the  jiigiim  originating  directly  from  its  apex.  Silurian  ; England. 

Athyris,  .JPCoy  {Spimjem,  d’Orbigny ; Enthyris,  Quenstedt),  (Fig.  582). 


ORDER  TV 


TELOTEEMATA 


339 


Sub- equally  biconvex  shells  with  concentric  growth  lines  extended  into 
lamellae.  Ventral  umbo  not  proiuinent,  incurved,  usually  concealing  the 


A p,  c 


Fig.  581. 

Meristina  tumida,  Dalin.  sp.  Silurian  ; Gottlaud.  .4,  Shell  of  the  natural  size.  JJ,  Interior  of  ventral  valve- 
C,  Hinge-line  and  median  sei)tum  of  dorsal  valve. 

pedicle  opening  and  deltidial  plates.  Teeth  supported  by  dental  lamellae. 
Hinge-plate  of  the  dorsal  valve  perforated  by  a “visceral  foramen.”  The 


A B C II 


Fig.  582. 

Athi/rls  coneentrica,  von  Buch  sp.  A,  Shell  vith  dorsal  valve  partly  removed.  U,  Interior  of  dorsal  valve, 
i/i.  C,  D,  Frontal  and  lateral  aspect  of  spiralia  (after  Davidson). 


peculiar  jugum  of  this  genus  is  illustrated  in  Fig.  582,  C,  D.  Devonian  and 
Carboniferous.  Distribution  general. 

Adinoconchus,  M'Coy.  Athyroids  with  very  wide  radially  striate  con- 
centric lamellae.  Carboniferous ; Europe. 

Cleiothijris,  King.  Athyroids  with  concentric  roAvs  of  flat  spinules.  Car- 
boniferous and  Permian.  Distribution  general. 

o 

Seminula,  M‘Coy.  Smooth-shelled  Athy- 
roids. Dorsal  hinge-plate  very  prominent. 

Carboniferous.  Distribution  general. 

iS^uriyerrZ/ffijWaagen.  Carboniferous;  South 
America  and  India. 

Anipliitomella,  Bittner.  Smooth  - shellerl 
Athyroids  Avith  a double  cardinal  process  and 
median  septa  in  each  valve.  Alpine  Trias. 

Tetradinella,  Bittner  {Plicigeva,  Bittner),  (Fig.  583).  Athyroids  AA'ith 
four  corresponding  ribs  on  each  valve.  Alpine  Trias. 

Pentactinella,  Bittner.  Athyroids  Avith  five  corresponding  ribs  on  each 
valve.  Alpine  Trias. 

Anomadinella,  Bittner.  Athyroids  Avith  a number  of  angular  alternating 
ribs  toAvards  the  anterior  margins.  Alpine  Trias. 


Fig.  583. 

Tetruct  India  trlgondla,  Sdiloth. 

Aluschelkidk  ; Hecoaro,  Italy,  l/j. 


sp. 
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Pomatosjni'ella,  Bittner.  Sniiill  smooth  shells  having  the  contonr  of  Da>iia 
or  Ci/clospint.  Alpine  Trias. 

Ktnjseria,  Davidson.  Lenticnlar,  plicated  shells  with  a median  plicated 
sinus  on  both  valves.  .Tugum  with  a ventral  articulating  ])rocess  and  the 
l)ifurcations  continued  between  the  spiral  riljbons  to  their  outer  ends. 
Devonian;  Germany. 

DipJospireUa,  Bittner.  Athyroids  with  the  jugal  processes  coextensive 
with  the  principal  spiral  coils.  Alpine  Trias. 

I’exuJella,  Bittner.  Athyroids  ditt'ering  from  Dipilospirella  in  that  the 
jugum  is  mnch  reduced  and  situated  in  the  umbonal  region.  Valves  much 
thickened  in  the  a])ical  region.  Alpine  Trias. 

Enraclindhi,  Bittner.  Diplospirelloids  with  short  corresponding  ribs. 
Al[)ine  Trias. 

.-Inisactinella,  Bittner.  Diplospirelloids  with  alternating  ribs.  The 
secondary  spiral  coils  give  oil'  a process  which  returns  and  joins  the  jugum. 
Alpine  Trias. 

Kuniiid'iiui,  Suess  (Fig.  584).  Shell  sul)-orbicular,  concavo-convex,  smooth, 
with  a straight  hinge-line,  or  Strophomenoid  in  external  ai)])earance.  Car- 


dinal area  ol)Solcte  at  maturitv.  The  accessory  spirals  take  their  origin 
from  tire  up})er  surface  of  the  jugum,  and  are  coextensive  with  the  primary 
spirals.  Trias  ; Europe. 

AiitphirUnii,  Laube  (Fig.  585).  Like  Konincl:hni,  but  sub-trigonal  in  out- 
line, and  with  well-developed  cardinal  area  and  deltidial  plates.  Trias  ami 
Jura  ; Europe. 

KaninrheUd , INLinier-Chalmas.  Similar  to  Ampliidina,  but  with  well- 
developed  cardinal  process.  Trias  and  Jura;  Europe. 

A niphicliitodoiilc,  Bittner.  Like  Aniphidina,  but  with  interlocking  denti- 
culate ridges  and  tubercles  within  the  margins  of  the  valves.  Ali>ine  Trias. 

Koniiid:o>font(i,  Bittner.  Like  Koniiiddna,  but  with  prominent  cardinal 
areas  and  a row  of  sub-marginal  thickened  tubercles  on  the  intei’ior  of  the 
ventral  valve,  which  interlock  with  similar  callosities  on  the  dorsal  valve. 
Alpine  Trias. 

Thecospiru,  Zugmayer  (Fig.  58G).  Ventrally  cemented  Koniiidanae  with 
well-develoi)ed  cardinal  area  and  cardinal  process.  Alpine  Trias. 


AotiifirictiKf  Econiifinu,  >\  issm.  sp. 
L'ppiT  'rria.--; ; St.  Cas.sian,  Tyrol.  -I,  Sliell 
slinwin.i;  spiralia,  enlargeil.  li,  Ventral 
aiul  'lorsal  aspects, 


Khaotic  ; ISlarhemberg,  Au.stria. 
vl,  Ventral  valve,  Vj.  Zl,  C, 
Bracliidia,  enlarged  (after  Zug- 
ineyer). 


A niph  !cUii«.  with  re- 
storetl  brachidia  (alter 
Bittner). 
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Merisfella,  Hall.  Externally  like  Merista,  but  without  spondylia.  Apex 
of  jugum  with  two  annular  processes.  Devonian  ; North  and  South  America 
and  Europe. 

Charionella,  Billings.  Similar  to  the  last,  but  with  a greatly  modified 
hinge-plate.  Devonian  ; North  America. 

Pentagonia,  Cozzens  {Goniocoelia,  Hall).  Meristellae  with  a broad,  angular, 
sharply  limited,  ventral  sinus  and  abrupt  lateral  slopes.  Dorsal  valve  with 


ABC  D 


Fig.  5S7. 

Merista  hercidea,  Barr.  sp.  Devonian  (F-) ; Konieprus,  Bohemia.  A,  External  aspect  of  ventral  valve, 
broken  away  near  the  apex  so  as  to  show  the  “ shoe-lifter  pi’ocess,  " l/j.  £,  Fractured  shell  showing  median 
septum  ; spiralia  destroyed  (after  Barrande).  C,  ll,  Frontal  and  lateral  views  of  spiralia,  slightly  enlarged 
(after  Davidson). 

a wide,  rounded  fold,  divided  by  a narrow  sinus  and  umbo-laterally  with  two 
short  flanges.  Devonian  ] North  America. 

Merista,  Suess  {Camarium,  Hall),  (Fig.  587).  Like  Merisfella,  but  with  a 
spondylium.  Silurian  and  Devonian  ; Europe  and  North  America. 

Dicaniara,  Hall  and  Clarke.  Meristellae  with,  a spondylium  (“shoe-lifter 
process  ”)  and  brachidium.  Europe. 

Dioristella,  Bittner.  Similar  to  Merisfella.  Alpine  Trias. 

Camarospira,  Hall  and  Clarke.  Like  Merisfella,  but  with  a small  spon- 
dylium supported  by  a median  septum,  to  which  is  attached  only  the  pedicle 
muscle.  Devonian  ; North  America. 

Range  and.  Distribution  of  the  Brachiopoda. 

Owing  to  their  great  abundance,  world-wide  distribution,  and  remote 
antiquity,  as  well  as  their  excellent  state  of  preservation,  Brachiopods 
occupy  a very  conspicuous  rank  among  extinct  Invertebrates,  and  furnish  us 
besides  with  a large  number  of  important  index  fossils.  The  calcareous  com- 
position of  their  shells  enables  them  to  resist  the  destructive  action  of  the 
fossilisation  process  more  successfully  than  the  shells  of  Mollusks,  which  are 
composed  for  the  most  part  of  aragonite.  Their  value  as  index  fossils, 
however,  is  somewhat  detracted  from  owing  to  the  difficulty  of  identi- 
fying numerous  genera,  without  a knowledge  of  their  internal  structure. 

The  four  orders  into  which  the  class  is  now  divided  are  represented  in 
the  lowest  Cambrian,  or  Olenellus  zone,  indicating  that  Brachiopods  had 
their  origin  in  Pre-Camlirian  times.  In  the  Lower  and  Middle  Cambrian, 
the  Atremata  and  Neotremafa  predominate ; and  although  the  Profremafa  are 
known  in  the  Lower  Cambrian  by  very  typical  species,  it  is  not  until  the 
Upper  Cambrian  that  the  order  becomes  conspicuous.  The  Telofremafa  are 
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Table  showing  the  Vertical  Tange  of  Brachiopods. 


Families. 


Order  1.  Atremata 
Obolacea 

1.  Patcriiiiilae 

2.  Obolidae 

3.  Ti'imerellidae 
Lixgi'laeea 

1.  Lingulellidae 

2.  Liiigulidae 

3.  Liiigulasinatidae 
Order  2.  Neotremata 

Aci’.otketacea 

1.  Acrotretidae 

2.  Siplionotrcdidae 

DlsriXA(.EA 

1.  Treniatidae 

2.  Disciiiidae 

C KAN I ACE A 

1.  C'rainidae 
Order  3.  Protremata 

SXUOI'HIJMENACE.C 

1.  Kutorgiiiidae 

2.  Eicdiw  aldiidae 

3.  Billing.seniilae 

4.  Strojilioiuyiiidae 

5.  Tliei'idiidao 

0.  Productidae 

7.  liiclitholeiiidae 

8.  Oi'tldilae 
Pentamekacea 

.1.  Clitamboiiitidac 

2.  Syntro[ibiidao 

3.  Poraiidionilidae 

4.  Pentameridae 
Order  4.  Telotremata 

Khynchoneli.acea 

1.  Piotorbyncliidae 

2.  Rhyntdioiiellidae 
T E 1 : E B i;  A X U L A ( ■ E A 

1.  Ceiitroiiellidae 

2.  Terebratulidae 

3.  Terebratellidae 
Spikifeuacea 

1.  Atvypidae 

2.  Si)irifei'idae 

3.  Athyridae 


Cretacpons. 
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scarce  throughout  the  Cambrian,  Imt  in  the  Ordovician,  species  and  indi- 
viduals abound. 

In  the  Lower  Cambrian  (Olenellus  beds),  thirteen  genera  of  Brachiopods 
are  represented,  occurring  l)oth  in  North  America  and  in  Europe.  A marked 
increase  is  apparent  toward  the  close  of  the  Cambrian,  and  in  the  Ordo- 
vician and  Silurian,  where  the  climax  of  their  diversity  is  reached,  upwards 
of  2600  species  are  known.  These  are  distributed  chiefly  in  North  America 
and  in  Europe  (Great  Britain,  Scandinavia,  Bohemia,  Russia,  and  Portugal) ; 
but  numerous  forms  are  also  found  in  South  America,  Australia,  China,  and 
Eastern  Siberia. 

In  the  Devonian  Brachio^iods  are  scarcely  less  plentiful  than  in  the 
Silurian,  although  a considerable  number  of  genera,  especially  those  belong- 
ing to  the  Afrernafa  and  Neotremata,  have  now  disappeared.  The  most  noted 
European  localities  where  Brachiopods  abound  are  the  Eifel,  Ehineland,  West- 
phalia, the  Hartz,  Belgium,  Devonshire,  Boulogne  sur  Mer,  Cabrieres  in  the 
Cevennes,  the  Asturias,  and  the  LTral.  Canada  and  the  Middle  AVestern 
States  of  North  America  also  yield  great  quantities  of  Brachiopods. 

The  Carboniferous  of  North  America  and  its  equivalent  horizons  in 
Europe  and  Eastern  Asia,  together  with  the  so-called  Permo-Carboniferous 
of  the  Salt  Range  of  India  and  Armenia,  are  very  rich  in  Brachiopod  remains, 
especially  those  belonging  to  the  Froductidae,  Strophomenidae,  Spnriferidae,  and 
Rhijnchonellidae. 

In  the  European  Permian,  the  number  of  species  of  Brachiopods  is  reduced 
to  about  thirty,  but  in  the  Salt  Range  of  India  greater  numbers  occur.  In 
the  Alpine  Trias,  the  Terehrahdidae,  EhijnclionelUdae,  and  KonincJdnidae  attain 
an  enormous  development. 

The  Jurassic  and  Cretaceous  Brachiopods  belong  almost  exclusively  to  the 
Terebmt'uUdae,  BhpicJwneUidae,  and  the  Theddiidae ; the  first  two  families  in 
particular  being  represented  by  an  astonishing  number  of  species.  The 
Spirifemcea  become  extinct  in  the  Lias. 

With  the  beginning  of  the  Cenozoic  era,  Brachiopods  are  no  longer  a con- 
spicuous group  of  fossils.  The  species  occurring  in  the  Tertiary  are  almost 
without  exception  generically  identical  with  those  now  living,  and  scarcely 
exceed  them  in  number.  On  this  account  they  are  devoid  of  practical 
interest  or  importance  to  the  geologist. 

[The  credit  for  having  revised  and  practically  rewritten  the  translation  of  the  entire 
Brachiopod  chapter  belongs  to  Mr.  Charles  Schuchert,  of  the  United  States  National  Jluseum. 
The  classification  adopted  has  been  taken  from  his  Sijnojjsis  of  American  Fossil  Brachiopoda, 
now  in  press. — Tkan,s.] 
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(Mulacuzoa,  Blainville;  Sacrafu,  Hyatt.) 

The  MoIIusca  form  a well  - characterised,  and,  on  the  whole,  remarkaldy 
homogeneous  group  of  Invertebrates,  which  have  existed  since  the  earliest 
recognised  advent  of  life  uj)on  the  globe.  Their  progressive  modifications 
afford  us  a most  important  guide  to  the  successive  stages  of  the  evolution  of 
organic  life  as  preserved  in  the  various  geological  horizons. 

The  MoUnsca  are  characterised  as  a group  l>y  passing  through  a Trocho- 
si)here  and  a A^eliger  larval  stage ; by  possessing  bilaterally  symmetrical, 
unsegmented  bodies  ; a larval  shell  gland,  from  which  a harder  exoskeleton 
or  shell  is  secreted,  though  not  always  permanently  retained;  a mouth, 
^ Literature  : 

A(hiiiis,  II.  ami  .1.,  The  Genera  of  Recent  Molhrsca,  2 vols.  London,  1853-58. 
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intestinal  canal,  and  anus ; a closed,  but  partly  lacunary  circulation,  assisted 
by  a heart  with  one  or  more  auricles,  and  containing  a usually  colourless 
body  fluid  or  haemolymph  ; a nervous  system  with  at  least  three  pairs  of 
ganglia  connected  by  commissures ; sexual  reproduction  by  eggs  and  sper- 
matozoa ; audition  and  equilibration  provided  for  by  otocysts ; respiration 
by  ctenidial  or  secondary  gills,  or  by  the  tegumentary  surface,  which  may  be 
invaginated  to  form  a pulmonary  sac ; locomotion  by  a muscular  organ  called 
; the  foot,  or  by  special  parapodial  structures ; the  organs  normally  jiaired, 

I and  protected  by  a sac-like  integument  called  the  mantle ; and  the  visceral 
sac  having  a tendency  toward  torsion,  so  as  to  become  usually  asymmetrical. 
Sexually  Mollusks  are  usually  dioecious  ; or,  if  monoecious,  incapalfle  of  self- 
fertilisation. 

Owing  to  the  homogeneity  of  the  group,  its  division  into  classes  has  been 
i attended  with  some  differences  of  opinion,  depending  upon  the  point  of  view, 

I the  anatomist  laying  more  stress  upon  certain  groups  of  characters,  and  the 
I morphologist  upon  others.  From  a general  standpoint,  the  Mollusca  are 
! readily  divisible  into  four  classes,  as  follows : — Pelecypods,  Scaphopods, 
i Gastropods,  and  Cephalopods.  The  first  of  these  is  well  marked  off  from  the 
1 rest  by  the  absence  of  a distinct  head  and  of  a radula,  and  the  two  groups 
i have  been  contrasted  as  Glossophora  (or  Cephaloi:ihora)  and  Aglossa  (or  Lipo- 
cephala).  Recent  researches  tend  to  show  that  the  Fcleci/poda  form  a degenerate 
group,  more  nearly  related  to  the  Protogastropod  than  is  the  latter  to  the 
Protocephalopod ; and  that  in  any  general  arrangement,  the  Cephalopods  are 
rather  to  be  contrasted  with  the  three  other  groups  combined. 
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Class  I.  PELECYPODA.  Goldfuss.i 

{LamclUhranchiatu,  Blainville  ; Conchifera,  Lamarck  ; Bivahia  (Bonaiiiii),  Liniie  ; 

Lipocephala,  Lankester.) 

ylquatic,  hUateralhj  si/nunefricul,  acephalous  moUnsks,  protected  hi/  a pair  of 
shelhj  valves,  which  are  secreted  hj  the  la.tercd  portions  of  the  mantle,  connected  hij 
a ligament,  and  moved  hi/  the  contraction  of  muscles  attached  to  the  inner  faces  of 
the  valves  ; feeding  hg  cilianj  action  and  destitute  of  a radula  or  jaic  ; hreathing  hj 
lateral  gills;  irnperfectlg  sensihle  to  light  and  ravel g provided  with  pia'ipherul  visual 
organs ; possessing  olfactorg  organs  {osphradia),  auditorg  and  equilibrating  organs 
(otocgsts),  tactile  qiapillae,  and  a nervous  sgstem  compnsed  of  ganglia  united  hg 
nerves,  hut  without  a pedovisccral  commissure  ; provided  with  an  extensile,  tactile,  or 
locomotor  organ  {foot);  a circulatorg  sgstem  containing  haemolgmph,  and  opierated 
hg  a single  or  piaired  cardial  ventricle  and  two  auricles;  a more  or  less  convoluted 
intestinal  canal,  with  its  oral  and  anal  extremities  at  oppiosite  ends  of  the  hodg  ; a 
stomach  ,-  paired  nephridia,  connected  with  the  pericardium,  and  discharging  in- 
dependenthi  of  the  rectum  ; reproducing  without  copulation,  hg  eggs  and  spermatozoa  ; 
monoecious  or  dioecious;  development  external  to  the  ovarg ; the  p>ost-larval  stage 
protected  hg  a prodissoconch,  and  sometimes  exhihiting  a special  nepionic  stage. 

External  Characters.  The  Shell. — The  emljrvoiiic  Pelccypod  is  {>ro- 
vided  M'ith  a saddle-shaped,  single  shell  gland,  which  secretes  a pellicle  of  the 
same  form,  upon  which,  at  two  points  corresponding  to  the  valves,  calcification 
sets  in  independently.  These  rudiments  remain  connected  across  the  dorsum 

' Literatim.'  (see  also,  uiuler  tlie  licad  of  Molliisca,  ]iii.  .3-14-345) : 
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for  a time,  by  the  uncalcified  portion  of  the  original  pellicle,  which  develops 
into  the  ligament  of  the  adult.  The  paired  embryonic  shell,  corresponding  to 
the  protoconch  of  Cephalopods,  has  been  named  by 
Jackson  the  jjrodissoconcli  (Figs.  588,  589).  In 
general  these  valves  are  very  uniform  in  character, 
as  seen  on  the  tips  of  the  uneroded  valves  in  the 
adult.  They  are  usually  rounded  or  slightly  pointed 
at  the  umbonal  end,  and  have  in  their  earliest  stages 
a straight,  rather  long  hinge  line.  In  Solemija  the 
2^rodissoconch  is  elongate,  rounded  at  the  ends,  with 

the  ventral  and  dorsal  margins  nearly  parallel,  much  . 

. - -I  1 n T ,1  T 1 prodissoconch  stage,  viewed  from 

as  in  tu6  adult  shell.  In  r lRllCl  the  prodissoconch  tlie  anterior  end  (d),  and  from  the 

is  globular,  as  in  most  bivalves.  In  Unio,  Anodon, 

and  Philohrya,  a second  or  nepionic  stage  is  traceable, 

owing  to  a semi-parasitic  habit  of  the  young,  which  leave  the  mother  and 
become  encysted  on  the  fins  or  gills  of  fishes ; during  this  period  the  shell 


Fig.  5SS. 

Ostren  Virgiiiiomi.  Completed 


A,  Avicula  sterna.  Young  specimen,  viewed  from  the  left  (o)  and  right  (h)  sides,  the  latter  showing  byssal 
sinus.  l9/i.  B,  Area  pexata.  Very  young,  showing  prodissoconch  (jj),  succeeded  by  early  dissoconch  growth. 
n/i  (after  Jackson). 


remains  stationary,  though  some  development  of  the  contained  soft  parts  is  in 
progress. 

The  bivalve  shell  reduced  to  its  lowest  terms  comprises  two  convex  pieces 
(the  valves),  attached  to  one  another  dorsally  (1)  by  an  elastic  ligament 
external  to  the  cavity  of  the  two  valves;  and  (2)  by  muscles  and  connective 
tissues  which  pass  from  the  inner  surface  of  one  valve  to  the  inner  surface  of 
the  opposite  valve.  The  contraction  of  the  muscles  brings  the  margins  of  the 
valves  into  close  contact,  therelyy  forming  a hollow  receptacle  in  which  the 
soft  parts  of  the  animal  are  enclosed,  and  from  which  all  obnoxious  foreign 
matters  may  be  excluded.  The  elasticity  of  the  ligament,  acting  on  the 
principle  of  the  C spring,  tends  to  separate  the  valves  when  the  tension  of 
the  internal  adductor  muscles  is  relaxed.  The  substance  of  the  valve  is 
secreted  by  marginal  glands  around  the  edge  of  the  investing  tissue  or  mantle, 
and  is  subsequently  reinforced  by  material  supplied  by  secretion  from  the 
general  surface  of  the  mantle.  As  the  animal  grows  and  the  original  jno- 
dissoconch  becomes  too  small  to  cover  the  soft  parts,  the  valves  are  enlarged 
around  the  margins,  so  that  each  of  them  represents,  fundamentally,  a hollow 
cone.  Since  growAh  progresses  more  rapidly  along  'some  portions  of  the 
mantle  than  at  others,  the  cones  necessarily  Imcome  oblique,  arched,  or 
cycloidally  curved.  The  apex  of  the  cone  is  formed  by  the  beak  or  umho  of 
the  shell,  the  base  is  the  entire  margin  of  the  valve. 

The  shell  of  most  Pelecypods  is  composed  of  several  layers  of  distinct 
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structure.  The  external  layer  is  usually  thin,  flexible,  and  dark-coloured, 
chiefly  comjiosed  of  a horny  sulistance  termed  conrhiolin.  This  layer  is 
known  as  the  epidermis,  or  more  properly  the  periostraeum ; it  is  not  easily 
corroded,  and  hence  serves  as  a protection  to  the  underlying  calcareous 
layers.  The  outer  calcareous  layer  is  composed  of  prisms  of  calcite  arranged 
more  or  less  perpendicular  to  the  external  surface ; the  inner  layer  is  made 
up  of  thin,  more  or  less  parallel  lamellae  of  porcellanous  or  pearly  texture. 


disposed  at 


right 


angles 


to  the 


general 


Fig.  5i>0. 

Vertical  section  of  the  shell  of  Vnlo.  c,  h,  a,  a',  the  outer  j^risinatic 
successive  increments  of  shell  /icrowtli ; c,  c',  tlie  inner 
Ilij^Oily  ma^jniifie'l  (after  Carpenter). 


layer,  sho\vin:_ 
lamellar  strata, 


direction  of  the  prismatic  layer, 
and  exhibiting  the  minera- 
logical  characters  of  ara- 
gonite (Fig.  590).  Besides 
the  lamellar  or  prismatic 
structure,  many  forms 
show  under  the  micro- 
scope minute,  sometimes 
branched  tubulation. 

The  variations  in  shell 
substance  are  somewhat 
characteristic  of  different 
groups.  The  prisms  vary 
greatly  in  size,  the  larger  occurring  in  Iiioceramus  and  Pinna,  the  smaller 
in  the  Analinidae  and  2I/iacidae.  The  prismatic  layer  is  •wholly  absent  in 
the  Chainidae  and  many  other  Teleodesmacea ; in  the  Pediniilae  and  Limidae 
the  prismatic  layer  is  feebly  developed  and  often  recognisable  oidy  in  young 
shells.  In  the  Jliidisfae  tlie  prisms  run  nearly  parallel  with  the  outer  surface. 
As  aragonite  is  more  solul)le  than  calcite,  it  frequently  hapjiens  in  fossil 
shells  that  the  layers  composed  of  the  former  mineral  have  entirely  dis- 
a])})cared,  leaving  only  the  calcitic  layers.  Pearls  are  merely  loose  portions 
of  the  inner  layer  secreted  by  the  mantle  surface,  usually  around  foreign 
bodies  which  have  reached  the  interior  of  the  shell  and  set  up  irritation  there. 

In  the  majority  of  Pelecyi>ods  the  valves  form  a nearly  complete  defence; 
in  borers,  Imrrowers,  and  a few  degenerate  types,  the  valves  cover  less  and 
less  surface  in  proportion  to  that  which  is  l)are ; in  a few  the  mantle  is  re- 
flected so  as  to  envelop  more  or  less  of  the  outer  surface  of  the  valves  ; and 
finally,  in  Chlamfidoconcha,  the  valves  are  permanently  internal,  separately 
encysted,  with  the  ligament  isolated  and  encysted  between  them.  No 
e.xample  is  known  of  a Pelecypod  absolutely  destitute  of  valves  in  the  adult 
state. 


The  valves  of  the  shell  are  in  general  substantially  equal;  but  sometimes 
they  are  unecpial,  esjrecially  in  sessile  or  .sedentary  forms ; and  rarely  they 
are  spirally  twisted,  as  in  Slavelia  and  Spirodonins.  The  hinge  or  artkulns 
comprises  the  whole  articulating  apparatus,— hinge  plate,  teeth,  ligament,  etc.; 
the  primitive  hinge,  which  is  coextensive  with  the  ligament,  is  distinguished 
by  Hyatt  as  the  cardo.  The  cardinal  axis,  or  right  line  forming  the  axis  of 
revolution  of  the  hinge,  is  parallel  with  the  antero-posterior  axis  of  the 
animal  (as  determined  by  a line  drawn  through  the  mouth  and  posterior 
adiluctor)  in  the  ordinary  Teleodesmacea ; but  in  the  winged  Prionodesrnacea, 
such  as  Osfrea,  Perna,  etc.,  the  two  axes  are  at  a considerable  angle  with  each 
other. 

The  dental  armature  is  usually  .situated  on  the  dorsal  margin,  which  for 
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this  reason  is  called  the  cardinal  margin.  It  comprises  the  teeth,  or  project- 
ing processes  and  sockets,  usually  alternating  in  the  single  valve,  and  opposite 
with  respect  to  both  valves.  In  the  more  modern  and  perfected  types,  the 
cardinal  margin  is  reinforced  by  a vertical  deposit  of  shell  in  the  form  of  a 
lamina  called  the  hinge  plate,  upon  which  the  teeth  are  set.  Above  the  hinge 
plate  in  each  valve  rise  the  Ijeaks  or  umbones,  which  are  usually  curved 
toward  the  anterior  end  of  the  shell  (prosogyrate),  but  are  sometimes  directed 
backward  (opisthogyrate)  or  outward  (spirogyrate). 

According  to  the  ordinary  terminology,  the  height  of  a Pelecypod  is 
measured  on  a vertical  from  the  beaks  to  the  ventral  margin  ; the  length 
corresponds  to  the  greatest  distance  between  the  margins  parallel  with  the 
antero-posterior  axis  above  defined  ; and  the  thickness,  or  diameter,  is  measured 
by  a line  at  right  angles  to  the  vertical  plane  descending  from  the  cardinal 
axis  (Fig.  592).  When  the  shell  is  placed  with  the  oral  end  anterior,  the 
valves  are  termed  right  and  left  respectively,  as  viewed  from  above  the 
articulus.  The  portion  of  the  shell  anterior  to  the  beaks  is  usually  shorter 
than  that  behind  them,  except  in  such  forms  as  Donax  or  Ahicula. 

Viewed  laterallj^,  most  Pelecypod  valves  may  be  divided  into  regions, 
corresponding  in  the  main  to  the  disposition  of  the  internal  organs.  The  oral 
area  extends  from  the  anterior  end  of  the  cardinal  line  to  the  anterior  side  of 
the  pedal  area.  The  latter  is  often  marked  by  a swelling  of  the  valves,  and 
sometimes  by  a sinus  (Pholas) ; it  extends  backward  to  a point  where  the 
branchial  crest,  radiating  from  the  beaks,  forms  the  anterior  boundary  of  the 
siphonal  area.  The  dorsal  or  posterior  limit  of  the  siphonal  area  is  marked  by 
an  angle  in  the  incremental  lines ; and  above  this,  extending  to  the  posterior 
end  of  the  cardinal  line,  is  the  intestinal  area.  In  the  alate  forms,  like  Fteria, 
the  wings  usually  called  anterior  and  posterior  are  really,  with  reference  to 
the  antero-posterior  axis  of  the  animal,  dorsal  and  ventral. 

In  certain  borers,  the  siphons  are  greatly  produced  outside  the  valves,  and 
a calcareous  tube  is  secreted,  lining  the  burrow ; the  valves,  situated  at  the 
anterior  end  of  the  boring,  either  lie  free,  or  are  partially  or  wholly  fused 
with  the  tube.  In  the  Pholaclklae  the  naked  portions  of  the  animal  between 
the  edges  of  the  valves  are  often  protected  by  additional  shelly  pieces,  Avhich 
are  organically  separate  from  the  valves ; and  some  burrowers  have  the  free 
ends  of  the  siphons  protected  by  leathery  or  calcareous  shields.  In  the 
Teredinidae  these  shields  are  specially  modified  to  protect  the  entrance  of  the 
burrow,  and  are  called  “ pallets.” 

Ornamentation. — The  external  ornamentation  of  the  valves  is  always  a 
conspicuous  character.  It  comprises  (beside  the  concentric  or  incremental 
lines  which  indicate  the  successive  additions  to  the  shell  margin,  and  are 
believed  to  coincide  with  resting  stages  during  the  process  of  growth)  radial 
or  concentric  striae,  ridges,  ribs,  folds,  nodes,  spines,  or  foliaceous  processes. 
These  are  supposed  to  arise  from  temporary  or  permanent  modifications  of 
the  mantle  margins,  such  as  papillae,  minute  tentacular,  or  proliferate  pro- 
cesses. Other  modes  of  ornamentation,  such  as  that  observed  on  the  l)eaks 
of  Unionidae,  proceed  from  the  serrate  margin  of  the  glochidial  shell. 

Above  the  hinge  line,  in  archaic  types,  is  an  area  often  sec  off  by  an 
impressed  line  and  called  the  cardinal  area.  In  the  more  perfected  modern 
forms  this  area  is  commonly  divided ; a heart-shaped  space  in  front  of  the 
beaks,  and  bounded  by  a ridge  or  groove,  being  known  as  the  lunide  ; and  a 
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more  elongated  space  extending  backward  from  the  beaks  lieing  designated  the 
escutcheon.  Both  areas  often  have  a sjiecial  sculpture,  differing  from  that  of 
the  remainder  of  the  shell. 

Another  form  of  ornamentation  is  sometimes  found  on  the  ojiposed  inner  |t- 
margins  of  the  valves,  away  from  the  hinge  line,  as  in  JFoodia  (Fig.  707),  ' 
or  Ti'ansendla ; it  probably  aids  in  preventing  a lateral  displacement  of  the 
valves.  In  general,  all  ornamentation  may  be  confidently  ascribed  to  a 
dynamic  origin. 

Internal  Characters.  Soft  Pads.  — The  Pelecypod  body  is  enclosed 
within  two  thin,  partly  fleshy  mantle  lobes,  which  are  united  or  continuous 
below  the  cardinal  margin,  and  open  or  partially  united  at  other  points  on 
their  periphery.  AVithin  the  mantle  lobes  are  the  visceral  mass  including 
the  internal  organs,  the  gills  or  ctenkUa,  the  foot,  and  the  paljh.  AA^hen  the 
mantle  edges  are  united  so  as  to  form  tubes  for  the  entrance  and  discharge  of 
water,  such  tubes  are  called  sijdioiis.  These  organs,  all  of  rvhich  have  been 
utilised  in  classification,  will  be  considered  separately. 

The  mantle  is  closely  applied  to  the  surface  of  the  valves,  and  is  usually 
attached  to  them  along  a line  near  its  periphery.  This  line  is  indicated  by  a 
continuous  scar  or  impression  upon  the  inner  surface  of  the  valves,  termed 
the  pullial  line.  Outside  the  pallial  line  a jiortion  of  the  margin  is  free  and 
usually  thickened.  In  it  are  contained  the  glands  which  secrete  the  shell, 
and  also  jngment  glands;  it  is  ornamented  by  papillae,  tentacular  processes, 
etc.,  and  is  sometimes  furnished  with  A’isual  organs  of  a primitive  sort. 
Certain  archaic  forms  had  no  distinct  pallial  line,  the  mantle  being  organi- 
cally attached  over  a more  or  less  irregular  area.  The  ends  of  the  pallial 
line  are  commonly  continuous  with  the  scars  of  the  adductor  muscles. 

The  majority  of  Pelecyi)ods  have  two  adductor  muscles,  and  are  distinguished 
accordingly  as  Dimyarian,  or  llomomyarian  ; in  some  the  anterior  muscle  is 
absent  or  degenerate  {Munonvjaria) ; and  in  others  an  intermediate  condition 
obtains  (Iletcromi/aria  or  Anisomijarm).  The  number  and  position  of  the 
adductors  was  formerly  accejited  as  a fundamental  feature  in  classification, 
although  many  difficulties  were  ])resented  by  exceptional  cases.  Kecent  re- 
searches have  shown  that  an  absolute  foundation  for  classification  cannot  be 
afforded  by  the  number  of  adductors ; but  still,  if  allowance  be  made  for 
degeneration  caused  by  inequilaterality,  torsion,  and  other  causes,  the  general 
myarian- types  harmonise  fairly  well  with  the  larger  divisions  based  on  the 
totality  of  characters. 

The  xisceral  mass,  as  a rule,  occupies  the  upper  portion  of  the  shell,  and 
contains  the  heart,  intestinal  canal,  generative  organs,  renal  and  other 
glands.  The  rectum  usually  lies  above  the  posterior  adductor,  and  dis- 
charges into  the  anal  siphon,  when  present.  The  mouth  is  placed  at  the 
forward  end  of  the  visceral  mass  below  the  anterior  adductor,  and  is  commonly 
furnished  on  each  side  with  a pair  of  leaf-like  expansions  of  the  integument 
called  pafn,  which  are  ciliate  internally,  and  serve  to  conduct  alimentary 
matter  from  the  gills  to  the  mouth.  Palpi  are  seldom  wanting,  and  their 
form  and  character  remains  fairly  constant  throughout  a number  of  groups. 

The  mouth  itself  is  unarmed,  and  the  alimentary  canal  is  more  or  less  bent, 
usually  exhibiting  a dilation  which  is  regarded  as  the  stomach. 

The  Foot. — From  the  ventral  surface  of  the  visceral  mass  projects  an  ' 
extensile  muscular  organ,  known  as  the  foot,  which  is  capable  of  being  pro- 
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trudeci  beyond  the  margins  of  the  valves,  or  entirely  retracted  within  the 
mantle  lobes.  The  muscles  serving  to  move  this  organ  are  inserted  upon  the 
shell  near  the  adductor  scars,  leaving  small  accessory  impressions.  In  a 
large  majority  of  bivalves,  the  foot  has  the  familiar  hatchet-shape  from  rvliich 
the  class  name  is  derived,  l)ut  as  an  organ  of  locomotion,  tactile  use,  and 
possibly  prehension,  it  is  modified  for  special  uses  in  many  forms.  A few 
mollusks,  such  as  Osfrea,  have  the  foot  altogether  aborted,  though  remnants 
of  its  retractor  muscles  exist  and  are  attached  to  the  valves  ; and  in  some 
cases  {Pholadonvja,  Halicardia)  an  accessory  foot-like  organ,  or  “ opisthopodium,” 
is  developed  at  the  posterior  end  of  the  visceral  mass. 

In  many  Pelecypods  the  foot  is  provided  with  a gland  secreting  horny 
matter  which  solidifies  in  threads  after  extrusion,  forming  a fixative  tiift  or 
cable  called  the  Injssus,  by  which  the  animal  adheres  to  extraneous  objects. 
Some  sessile  genera  have  the  byssus  more  or  less  calcified,  when  it  forms  a 
shelly  plug  closing  a sinus  or  foramen  in  one  of  the  valves  through  which  it 
passes.  Many  of  the  Pectinidae  have  a comb-like  series  of  denticles  (denolium) 

In  per- 


usually 

ctenidia. 


on  the  edge  of  the  byssal  sinus,  in  which  the  byssal  threads  rest, 
manently  sessile  forms,  the  byssus  is  usually  absent. 

Gills. — On  either  side  of  the  visceral  mass  above  the  foot  and 
extending  from  the  palpi  to  the  posterior  adductors  are  the  gills  or 
In  a general  way  the  ctenidium  is  composed  of  a stem  carrying  a nerve  and 
blood-vessel,  from  which  on  each  side  leaflets  or  slender  filaments  are  given 
out  laterally.  In  the  more  archaic  types  {Xucida,  Yoldia,  Solemi/a)  these  gills 
are  plate-like,  not  organically  united  except  by  the  stem,  though  in  some 
cases  attaining  a solidarity  as  a mass,  by  the  interlocking  of  very  large  cilia, 
distributed  in  bands  or  patches  on  the  opposed  surfaces  of  individual  plates. 

These  plate  - like  gills  are  termed  foliobranchiate  or  protobranchiate. 
According  to  their  structure,  other  types  of  gills  are  intermediate  between 
these  and  the  so-called  “ filibranchiate,”  in  which  the  plates  are  elongated  and 
strap-like,  and  the  “reticulate,”  in  which  the  filaments  are  united  by  cross 
conduits  in  a net-like  manner.  Attempts  have  been  made  to  employ  the 
various  types  of  gills  as  fundamental  characters  in  classification,  but  experience 
has  shoAvn  that  they  cannot  be  depended  upon  as  the  exclusive  basis  of  any 
systematic  arrangement. 

Siphons. — When  the  mantle  lobes  are  united,  two  posterior  openings,  more 
or  less  tubular,  are  always  present  (Fig.  591).  The  dorsal  tube,  called  the 
dorsal  or  anal  siphon,  serves  for  the 
water  which  has  been 
the  ventral  or 
branchial  siphon,  carried  to  the 
gills,  deprived  of  its  oxygen  and 
edible  particles,  and  then  expelled. 

The  anal  siphon  also  carries  eti’ete 
matters  from  the  rectum,  and  some- 
times ova  are  discharged  in  the  same 
way.  The  tubes  are  sometimes  adherent  or  enclosed  in  the  same  envelope, 
and  sometimes  separate  to  their  base ; in  general,  however,  a septum  or 
partition  exists  between  the  two  passages,  thus  avoiding  the  mixture  of  the 
two  currents.  The  siphonal  septum  is  frecpiently  carried  forward  internally, 
or  supplemented  by  a junction  of  the  gills  in  such  manner  as  to  form  a 


discharge  of 
inhaled  through 


Sa.xicava  arctico.f 


closed  mantle 


edges,  showing  foot  (;)),  protruding  from  the  pe.<lal  opening 
and  anal  (s)  and  branchial  (s')  siphons.  Natural  size. 
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practically  continuous  partition  between  the  anal  and  branchial  regions 
within  the  mantle.  The  siphons  are  always  contractile,  and,  except  in 
sedentary  burrowers,  usually  retractile  within  the  shell. 

The  siphons,  being  a local  modification  of  the  mantle  margin,  receive  their 
musculation  from  the  same  source.  In  general,  the  muscles  have  spread 
inward,  jxiri  jMssu  with  the  increase  in  length  of  the  organ  to  lie  retracted, 
and  their  insertion  on  the  valve  leaves  an  angular  scar  called  the  juiUial  sinus, 
which  is  an  important  aid  in  classification  of  the  minor  groups.  It  has  some- 
times been  assumed  that  the  absence  of  this  sinus  was  evidence  of  the 
asiphonate  character  of  the  species,  but  the  example  of  Lurina,  Cuspulo.ria, 
and  several  other  siphonate  forms  which  have  no  j^allial  sinus  show  that  this 
is  not  necessarily  true.  Formerly,  when  the  character  of  the  pallial  line  was 
regarded  as  of  prime  importance,  the  Pelecypods  with  a sinus  were  called 
SinujHiUiaia  (Fig.  592),  and  those  without,  InferjripaUiata  (Fig.  593). 

Tlte  Hinge. — The  origin  both  of  the  hinge  structure  and  the  ornamentation 
of  the  shell  can  be  perhaps  best  understood  by  a consideration  of  what  is 


Lvtnn'in  lUipthui,  Hoissy.  Interior  of  left  valve  show*  CrassofcUitcs  j>hnnhcfi,  Clieni.  sj).  Interior  of 

in.i;  jiallial  line  (y>);  itallial  sinus  (s);  anterior  ('')  left  valve  sliowin*^  entire  pallial  line  (m) ; anterior 

posterior  (e  ) atl'luctor  scars  ; an<l  resiliifer  (/).  he,  (e)ainl  posterior («')ad<luctor  scars;  and  resiliifer 

Leii;^'tli ; id,  IIei;_'ht  of  the  sliell.  -/3  natural  size.  (/).  -/g  natural  size. 

known  regarding  the  archetype  of  the  class,  and  by  noticing  the  changes  that 
have  since  been  introduced.  The  original  protopelecyjiod  was  small,  thin, 
symmetrical,  sub-circular  or  oval,  with  a short  external  ligament  equally  dis- 
posed on  each  side  of  the  lieak  along  the  hinge  line.  The  mantle  was  not 
uniformly  attached  to  the  shell  along  a jiallial  line,  as  in  modern  Pelecyjiods, 
but  adhered  more  or  less  irregularly  and  was  not  provided  with  extrusile 
siphonal  tul)es.  The  adductor  muscles  were  sub-eipial,  symmetrical,  and 
situated  high  up  in  the  valves.  The  surface  of  the  valves  was  smooth,  or 
(proliably  in  connection  with  the  devehqmient  of  tactile  papillae  on  the  mantle 
edge)  radiately  ribbed.  These  conclusions  are  justified  not  only  by  inference 
and  i)y  recent  investigations  on  the  morphology  of  the  prodissoconch,  but  by 
the  characters  of  the  most  archaic  Pelecypods,  summarised  by  Xeumayr  under 
the  name  of  PaJacoconcha. 

Since  the  general  form  of  the  Pelecvqiod  depends  upon  its  prineijial 
anatomical  characters  (the  size,  number,  and  position  of  the  muscles,  the 
pi'esence,  size,  and  character  of  siphons,  byssus,  etc.),  then,  to  a certain 
limited  extent,  especially  in  the  modification  of  the  primitive  simple  Palaeo- 
conchs,  it  is  ]ilain  that  the  difi’erences  of  form  would  march  with  the  respective 
anatomical  difi'erences.  For  example,  those  forms  which  retained  the  simple 
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open  mantle  and  sub-equal  adductors  would  continue  to  be  of  a rounded  and 
symmetrical  shape  ; while  those  which  tended  to  produce  elongate  siphons,  or 
in  which  marked  inequality  of  the  adductors  M’as  developed,  would  probably 
present  more  elongate  or  triangidar  outlines.  The  differences  of  form  would 
necessarily  react  upon  the  developing  hinge,  from  the  inevitable  ojieration  of 
physical  laws,  and  thus  tend  to  produce  iu  connection  with  particular  lines  of 
evolution  of  form,  particular  types  of  hinge. 

The  recent  researches  of  Bernard  and  Simroth  have  developed  the  fact 
that  in  some  Pelecypoda  the  ctenidium  originates  as  a lateral  plate,  which 
becomes  transversely  folded,  and  in  which  the  reticulate  form  results  from 
subsequent  perforations  between  the  folds,  and  not  from  the  concrescence  of 
originally  separate  filaments,  as  has  been  hitherto  supposed  to  be  the  invari- 
able mode. 

Neumayr  has  shorvn  that,  among  the  FalaeoconcJi.a,  ribbing  existed  in 
various  species  along  the  dorsal  as  well  as  the  other  margin,  and  that  it  pro- 
duced denticulations  there  ; and  that  when  these  denticulations  had  l)ecome 
a fixed  specific  character,  the  ribbing  disappeared  from  the  area  above  the 
hinge  margin. 

In  this  way  (as  analogically  in  the  recent  Crenellu  d al.)  the  initiation  of 
the  processes  called  hinge  teeth  began.  Such  projections,  interlocking  at  a 
time  when  the  serrations  of  the  other  margin  of  the  open  valves  could  be  of 
little  assistance  in  securing  rigidity,  offered  a means  of  defence  of  the  greatest 
importance  when  fully  developed  by  natural  selection,  one  which  would  be 
useful  at  every  stage  of  development,  but  would  increase  in  usefulness  with 
increase  in  size.  In  fact,  this  was  just  such  a feature  as  would  lend  itself  to 
the  fullest  operation  of  natural  selection.  Once  well  initiated,  its  progress 
was  inevitable,  and  its  variety  and  complexity  only  a question  of  time. 

Very  recent  studies  by  Bernard  of  the  development  of  hinge  teeth  in 
nepionic  Pelecypods  of  many  groups,  show'  that  in  most  if  not  all  Priono- 
desmacea  and  some  Teleodesmacea  there  is  first  developed  on  each  side  of  the 
ligament  (or  Ijehind  it  in  Ostrea)  a series  of  transverse  denticulations  or 
minute  taxodont  teeth,  forming  what  has  Ijeen  called  a provinculnm  or  primi- 
tive hinge,  independent  (so  far  as  yet  observed)  of  the  permanent  dentition. 
The  latter  begins  subsequently  Ijy  the  development  of  distinct  laminae  on 
the  hinge  plate.  In  the  Teleodesmacea,  toward  the  ends  of  the  hinge  plate 
the  primitive  lamellae  originate  below  the  provinculum  or  in  its  absence,  and 
grow'  proximally.  The  inner  ends  of  the  anterior  lamellae  become  hooked, 
and  these  hooks  separate  from  the  distal  jjortions  which  remain  to  form  the 
anterior  laterals,  w'hile  the  hooks  develop  into  the  cardinals,  and  the  posterior 
lamellae  into  the  posterior  lateral  teeth.  The  facts  point,  of  course,  to  the 
provinculum  as  representative  of  the  primitive  hinge  as  observed  in  many 
Palaeoconchs ; but  the  gap  betw'een  the  provinculum  and  the  beginnings  of 
the  permanent  dentition,  indicates  a suppression  of  certain  developmental 
stages  w'hich  only  further  researches  can  supply. 

The  dynamical  origin  of  the  shelly  processes  of  the  hinge,  wdiich  Ave  call 
teeth,  has  only  recently  attracted  attention.  In  this  Avork  Neumayr  led  the 
way,  and  his  contributions  have  been  most  valuable ; yet,  as  often  happens 
Avith  pioneer  Avoik,  he  failed  to  grasp  fully  all  the  details  of  the  subject,  and 
the  nomenclature  he  proposed  has  rec^uired  revision.  Several  groups  or 
kinds  of  teeth  can  easily  be  distinguished.  These  are  not  necessarily  funda- 
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mental,  since  the  teeth,  being  largely  moulded  by  the  dynamics  of  their 
situation,  change  with  the  influences  to  which  their  form  is  due,  and  in  course 
of  time  may  become  obsolete  from  disuse  (Anodon),  or  modified  so  as  to 
simulate  the  teeth  of  groups  ivith  widely  differeiit  pedigree  (Xucula,  Mrifeht  ; 
Plicatalu,  Tritjoida).  In  general,  however,  at  any  given  time,  the  types  of 
teeth  are  good  evidence  of  the  relationship  of  forms  to  which  they  are 
common,  especially  if  the  develoinnent  from  the  younger  stages  of  the  species 
under  comjiarison  proceeds  along  similar  lines. 

The  modifications  of  the  hinge  now  generally  recognised  are  as  follows  ; — 

In  the  Taxodonta  the  hinge  is  composed  of  alternating  teeth  and  sockets, 
mostly  similar,  and  freciuently  forming  a long  series,  as  in  Jica  (Fig.  594,  A) 


Fm.  604. 

Taxodont  liinjics.  .1,  Arra^  witli  external  ligament, 
witli  internal  resilinm. 


/;,  Lrdo, 


Fk;.  606. 

.Sclii/odont  hinge. 
Trifjon  ? (f  i>rrt  i n r»  0/ , 

Lam.  Recent;  Aus- 
tralia. 


or  Leda  (Fig.  594,  P>).  The  Srhizodvntu  have  heavy,  amorphous,  variable 
teeth,  often  obscurely  divided  into  sub-umbonal  (pseudocardinal)  and  lateral 
(posterior)  elements,  as  in  Trigunia  (Fig.  595),  Unio  (Fig.  596),  and  Schizodiis. 

In  the  Isodonfii  the  original  Taxodont 
jirovinculum  is  often  rejilaced  in  the  adult 
l)y  a hinge  structure  derived  from  two 
ridges  (the  “auricular  crura”)  originally 
diverging  lielow  the  beaks.  This  becomes, 
in  the  most  specialised  forms,  an  elaborate 
interlocking  arrangement  of  two  concentric 
pairs  of  teeth  and  sockets,  which  cannot 
be  separated  without  fracture,  as  in  Spoii- 
di/hts  (Fig.  669).  In  less  specialised  forms, 
such  as  Perfeii,  the  provinculum  becomes 
obsolete,  and  the  crura  only  partially 
develop. 

The  Di/soduafa  of  Xeumayr  was  originally  a heterogeneous  group,  and  the 
term  is  now  restricted  to  that  division  having  a feeble  hinge  structure,  whose 
origin  is  more  or  less  palpably  derived  from  external  sculpture  impinging 
upon  the  hinge  line,  as  in  Mijoconcha  (Fig.  597),  Pachj/ingtihis  (Fig.  598),  and 
Cfciudlu. 

The  preceding  groups,  together  with  the  edentulous  Solemyacea,  constitute 
the  order  Prionodesmaceu,  which  is  knit  together  by  community  of  descent 
still  traceable  in  their  anatomy. 

The  Fantodoida  are  a small  group  of  Palaeozoic  forms  whose  dentition 
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archaic  forms,  while  fore- 


shadowing the  future 


exceed  a pair 
group,  which  is 


In  this  group  the  laterals  may 


car- 
hinge 


Fig.  o97. 

Dysodont  hinge  of 
Myoconclia  st  ri  atu  I a , 
Goldf.  Lower  Oolite; 
Bayeux,  Calvados. 

i/i. 


Fig.  598. 

Dysodont  hinge  of  Pachijmytilns  pcta.su^, 
d’Orb.  Coral  Rag;  Coulange - sur - Yonne, 
France.  2/3. 


Isocardia  (Fig.  757),  2'ridacna,  and  Cardium 


partakes  of  the  synthetic  character  of  the  more 

Teleodont  tyjies. 
in  a single 
never  the 
case  in  the  modern  types. 

Orthodontiscus  and  Allodesma 
are  examples. 

The  Diogenodonta  are  the 
modern  and  perfected  forms 
in  which  there  are  differen- 
tiated lateral  and  true 
dinal  teeth  upon  a 
plate,  the  former  never  ex- 
ceeding two  nor  the  latter 
three  in  any  one  group. 

Asiarte  (Fig.  705),  Cmssatel- 
lites  (Fig.  593),  and  Corbicida 
(Fig.  712)  are  examples. 

The  Cydodonta  exhibit 
extreme  torsion  in  their 
dentition,  which  curves  out 
from  under  the  beaks  and  is 
not  set  upon  a flat  hinge  plate. 

(Fig.  752)  are  examples. 

In  the  Teleodonta  are  found  the  most  highly  perfected  types  of 
The  characters  of  the  less  specialised  forms  hardly  differ  from  those  of  the 
Diogenodonta,  but  they  are  placed  here  on  account  of  their  obvious  affinities 
as  shown  by  other  characters.  The  most  specialised  forms  add  to  the  ordinary 
cardinal  series  of  the  Teleodesmacea  (10101)  either  a roughened  area,  as  in 
Venus;  a series  of  extra  cardinals,  as  in  Tivela ; or  accessory  lamellae,  as  in 
Madra,  making  the  hinge  more  complicated  or  efficient.  Cytherea  (Fig.  760), 
Mudm  (Fig.  775),  Venus  {inercenaria),  and  Tivela  are  examples. 

Several  of  these  forms  were  included  by  Neumayr  in  a group  called  Des- 
rnodonta,  which  he  founded  on  such  types  as  Madra  under  a misapprehension 
as  to  the  character  of  the  hinge  ; almost  all  of  the  others  were  included  in 
his  Heterodonta,  which,  construed  strictly,  would  take  in  all  dentiferous 
Pelecypods,  since  the  alternation  forming  its  essential  character  is  inseparable 
from  the  possession  of  functional  teeth. 

The  Asthenodonfa  comprise  borers  and  burrowers  in  which  the  teeth  have 
become  obsolete  from  disuse.  Corlula  (Fig.  779),  Mya  (Fig.  778),  and  Pholas 
(Fig.  784)  are  illustrative  types.  In  the  last-named  a remarkable  develop- 
ment of  the  sub-umbonal  attachment  of  the  mantle  has  produced  a myophore 
which  is  sometimes  wrongly  interpreted  as  a tooth.  The  exceptional  develop- 
ment of  this  feature  is  explained  by  the  dynamics  of  Pholad  existence. 

The  above  groups  form  the  order  Teleodesmacea,  and  dentally  are  intimately 
related.  Eecent  studies  by  Bernard  ^ as  to  the  genesis  of  individual  teeth 
among  members  of  this  order  show  great  uniformity  in  the  early  stages. 
But  inasmuch  as  these  observations  are  dependent  upon  the  mode  of  growth 

' Bernard^  F.,  Sur  le  developpenient  et  la  morpliologie  de  la  coquille  chez  les  lamtllibranclies 
(Bull.  Soc.  Geol.  France  [-3],  XXIII.),  1895,  and  XXIV.,  1896. 
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in  highly  specicalised  Pelecypods,  in  which  the  development  of  teeth  is  largely 
secondary,  care  must  be  taken  not  to  confound  these  jirocesses  with  those  by 
which  hinge  teeth  were  originally  initiated  in  edentulous  Protopelecypods. 

Finally,  in  the  Anotmdodesmacea  we  have  a tribe  of  burrowers  which  have 
jireserved  to  the  jiresent  day  some  of  the  features  which  characterised  the 
edentulous  Protopelecypods  of  ancient  geological  time.  The  small  teeth  of 
the  nearly  edentulous  hinge  may  sometimes  be  associated  with  the  submersion 
of  the  resilium  and  the  development  of  a chondrophore,  but  in  other  cases 
they  may  be  the  remnants  of  hinge  teeth  acquired  in  the  ordinary  way  early 
in  the  geological  history  of  the  group. 

hental  Formulae. — For  the  purpo.se  of  recording  compactly  the  number 
and  character  of  the  teeth  in  adult  Pelecyjiods,  a formula  has  been  suggested 
by  Dr.  Steinmann,  which,  somewhat  amplified,  is  as  follows  : — 

Let  L rejiresent  the  left  and  li  the  right  valve,  and  the  teeth  be  repre- 
sented by  units  ; the  sockets  into  which  teeth  of  the  opposite  valve  fit  by 
zeros  ; the  resilium  or  chondro])hore  by  C ; the  laterals  by  1 ; the  clasping 
laminae  which  receive  the  laterals  by  m,  if  single  ; if  double,  by  m2.  Where 
two  Taxodont  rows  meet  on  one  hinge  mai-gin  and  are  not  separated  by  a 
resilium,  as  in  Fecfiinruliis,  let  their  junction  be  marked  by  a period.  Obsolete 
or  feeble  teeth  may  be  represented  by  the  italicised  symbol  for  normal  teeth. 
For  amorphous,  interlocking  masses,  which  cannot  be  classified  as  teeth,  and 
are  of  varied  origin,  the  symbol  x is  adopted.  The  enumeration  begins  at  the 
i)osterior  end,  and  the  right-hand  end  of  the  formula  is  always  anterior. 

Thus,  types  of  Teleodont  dentition  may  be  represented  as  follows  : — 

Astarte  horealis,  ; CrassaielUtes  aniillanun,  ; JAiuis  mercenaria, 

IxOlOlO  K/iO]0///i  ’ K/fOlO/zt  ’ 

dn  this  case  x represents  the  rough  area  below  the  ligament). 

ivestigating  the  genesis  of  the  individual  hinge  teeth  in  various 
genera  of  the  Teleodcsmarea,  IMessrs.  Mnnier  - Chalmas  and  Bernard  have 
adopted  the  following  formula,  which  ex])resses  at  once  the  origin  and 
])osition  on  the  hinge  of  the  several  teeth.  In  the  majority  of  cases  the 
teeth  appear  to  be  derived  from  two  primitive  pairs  of  lamellae  in  each  valve, 
one  pair  anterior  and  one  postei'ior.  Each  adult  tooth  is  designated  by 
an  arabic  numeral  corresponding  to  the  primitive  lamella  from  which  it  is 
derived,  with  a for  the  anterior  and  h for  the  ])OSterior  tooth  when  a single 
])rimitive  lamella  gives  rise  to  two  teeth.  The  laterals  are  counted  from 
below  upward  in  lioman  numerals,  the  odd  numbers  belonging  in  every  case 
to  the  right,  and  the  even  numbers  to  the  left  valve.  If  it  is  necessary  to 
name  a socket  it  receives  the  designation  of  the  tooth  which  occupies  it,  supple- 
mented by  an  accent  (').  A and  1’  stand  for  anterior  and  iiosterioi’,  L for  lateral, 
and  CA  for  cardinal  teeth.  Finally,  if  a tooth  disappears,  its  place  is  indi- 
cated by  a zeio  with  an  index  showing  which  ])articular  tooth  it  was.  The 
numeration  of  the  cardinals  always  begins  with  the  right  median  cardinal 
tooth.  Thus,  CA1=  median  cardinal  of  the  right  valve,  CA2//  = left  median 
cardinal  derived  from  the  posterior  jzart  of  jzrimitive  lamella  number  two; 
LA  I = ventral  anterior  lateral,  LB  III  = dorsal  posterior  lateral,  etc. 

Liiiamctif. — The  ligament  which  unites  the  two  valves,  as  stated  above,  is 
primitively  continuous  with  them  as  the  uncalcified  part  of  the  primitive 
pellicle  secreted  by  the  original  shell  gland;  it  is  therefore  neither  external, 
nor  internal.  With  its  subsequent  differentiation,  and  the  thickening  of  the 
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valves  by  calcification  deposited  about  it,  it  occupies  a depression  in  the 
cardinal  margin  which  Bernard  has  regarded  as  internal.  In  a sense  it  is 
internal,  but  its  position  at  this  stage  is  not  significant,  and  there  is  no 
fundamental  difference  between  the  cases.  The  differentiation  in  function 
and  structure  which  we  find  in  the  adult  between  the  ligament,  properly 
so-called,  and  the  “ internal  ligament  ” or  resilium,  is  a later  development. 

The  ligament  may  be  regarded  as  a fundamental  character  of  Pelecypods, 
and  is  universally  present,  though  in  some  cases  as  a mere  degraded  rudiment 
(Pholadacea) ; it  may  be  separated  from  the  valves  and  functionless  (Chlami/- 
doconcha),  or  present  oidy  in  the  young  stages  and  lost  through  specialisation 
due  to  the  sessile  habit  {Budistae). 

As  the  most  important  factor  in  the  mechanism  of  the  valves,  the  liga- 
ment has  undoubtedly  developed  with  the  evolution  of  the  class,  and  its 
chief  modifications  date  from  the  earliest  period  in  the  life-history  of  the 
group.  The  function  of  the  original  ligament  was  that  of  an  external  link 
between  the  valves  having  the  essential  nature  of  a C-spring.  That  is,  the 
insertion  of  the  ligament  edges  on  the  cardinal  margins,  or,  at  a later  period, 
on  thickened  ridges  or  nijmjihae  by  which  these  margins  are  reinforced  to  bear 
strains,  resulted  in  the  following  conditions  : — The  valves  being  held  together 
and,  in  closing,  approximated  by  the  contraction  of  the  adductor  muscles,  the 
preservation  of  their  precise  apposition,  marginally,  is  due  to  a rotary  motion, 
exerted  along  the  axis  of  the  ligament,  which  pulls  the  attached  edges  of  the 
ligament  nearer  to  each  other  and  exerts  a strain  on  its  cylindrical  exterior. 
This  operation,  with  a thin  ligament,  involves  a tensile  strain  on  the  whole 
cylinder ; with  a thick  ligament  the  external  layers  are  strained  and  the 
internal  layers  compressed,  so  that,  to  the  tensile  elasticity  of  the  external 
layers  is  added  the  compressional  elasticity  of  the  internal  portion.  The 
result  of  the  differing  strains  to  which  the  several  layers  of  the  ligament  are 
subjected  brings  about  a difference  of  structure,  and,  whenever  the  ligament 
becomes  deep-seated,  there  is  a tendency  for  the  respective  parts  to  separate 
along  the  line  where  the  two  sets  of  strains  approximate.  We  then  have  two 
elastic  bodies,  operating  reciprocally  in  opposite  directions,  the  outer  or  liga- 
ment proper  tending  to  pull  the  valves  open  to  a certain  distance  correspond- 
ing to  its  range  of  tensional  elasticity  ; and  the  other  or  resilium  (for  which 
the  objectionable  terms  “cartilage”  and  “internal  ligament”  have  been  used) 
tending  to  push  them  open  to  an  extent  corresponding  to  its  range  of  ex- 
pansion. 

The  ligament  proper  is  of  a more  or  less  horny  nature,  tough,  and  semi- 
translucent  beneath  its  external  surface.  When  dry  it  has  a vitreous  fracture, 
and  often  shows  hardly  any  fibrous  texture. 

The  resilium  is  distinctly  lamellar  or  composed  of  horny  fibres,  which  are 
apt  to  give  a pearly  sheen  to  its  broken  surface.  There  is  often  a more  or 
less  extensive  intermixture  of  lime  in  its  substance,  which  may  be  diftused,  or 
may  be  especially  concentrated  along  the  median  plane.  As  may  be  seen  by 
examining  the  unbroken  resilium  (as  in  Madra),  this  organ  in  such  cases  has 
something  of  an  hour-glass  shape  ; the  ends  which  fit  into  the  “ cartilage  pits  ” 
or  resilifers  being  more  expanded  than  the  centre  betAveen  them.  The  deposit 
of  lime  in  the  form  of  an  accessory  shelly  piece,  usually  termed  the  ossiculum 
or  lithodesma,  serves  for  the  reinforcement  of  the  resilium. 

For  the  type  of  ligament  which  extends  on  both  sides  of  the  beaks. 
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Xeumayr  adoiits  the  designation  ampliidetic ; and  for  the  more  perfected  type 
■wliich  has  lieen  withdrawn  wholly  liehind  the  beaks,  he  employs  the  term 

opisthodetic  (Fig.  599).  Ghjcimeris 
offers  a consjiicuous  type  of  the 
amphidetic  ligament ; Tellina  and 
Venus  exemplify  the  opisthodetic 
arrangement.  In  many  bivalves 
a lozenge  - shaped  cardinal  area 
extends  amphidetically  between 
the  lieaks,  while  the  ligament  is 
wholly  posterior,  being  visible  as 
an  oblique  triangular  space,  with 
its  apex  at  the  umbonal  point 
and  its  base  at  the  hinge  line,  as 
in  Avkula.  Nearly  every  stage 
in  the  recession  of  the  ligament  can  be  observed,  from  truly  central  to 
posterior,  in  Lima  and  its  allies. 

The  most  jierfected  type  of  ligament  is  that  which  may  be  compared  to  a 
cylinder  split  on  one  side,  and  attached  by  the  severed  edges,  one  edge  to  each 
valve.  This  type  is  known  as  parivincAdar  {Tellina,  Cardium)  ; its  long  axis 
corresjionds  with  the  axis  of  motion  or  vertical  plane  lietween  the  valves,  and 
in  position  it  is  usually  opisthodetic.  Another  form  is  like  a more  or  less 
flattened  cord  extending  from  one  umbo  to  the  other  {Spom!i/lus,  Lima),  with 
its  long  axis  transverse  to  the  plane  of  the  valve  margins  and  the  axis  of 
motion.  This  is  called  alivincular ; it  may  be  central  or  posterior  to  the 
beaks,  but,  unless  very  short,  is  usually  associated  with  an  amphidetic  area. 
Lastly,  a third  form  must  be  noted  which  consists  of  a redujilication  of  the 
alivincular  type  at  intervals  upon  the  area  {Lerna,  Area,  Fossula),  either 
amphidetically  or  upon  the  posterior  limb  of  the  cardinal  margin.  This  is 
designated  as  midtivinc.ular,  and  is  develo])cd  out  of  the  alivincular  tyjie. 

In  some  forms  with  a rigid  hinge  and  internal  resilium,  the  ligament  may 
degenerate  into  its  archaic  epidermic  character,  as  in  some  species  of  Spondi/Ins. 
It  is  impossible  to  draw  a sharp  line  between  these  and  similar  forms  in  which 
the  ligament  is  not  quite  reduced  to  the  state  of  epidermis,  as  in  some  species 
of  Osfrea.  The  cardinal  area  above  referred  to  is  in  part  the  morphological 
equivalent  of  the  lunule  of  Teleodont  I’elecyjiods.  In  general,  when  the 
ligament  has  become  opisthodetic,  the  remnant  of  the  area  in  front  of  the 
beaks  forms  the  lunule  and  may  be  called  jirosodetic.  The  amphidetic  area 
is  an  archaic  feature  which  has  been  lost  by  the  more  specialised  types  of 
modern  bivalves,  and  its  gradual  disappearance  may  be  traced  in  various 
Prionodont  genera. 

The  sejiaration  of  the  ligament  and  resilium  has  been  described  as  due  to 
mechanical  causes. ^ In  cases  where  the  resilium  becomes  submerged  from 
between  the  valves,  the  area  of  attachment  of  its  ends  in  thin-shelled  forms  is 
more  or  less  thickened  and  assumes  a spoon-like  form  projecting  from  the 
hinge  plate,  termed  the  chondrophore  or  resilnfer;  this  is  often  reinforced  by  a 
special  prop  or  buttress  called  the  clavicle.  It  has  been  suggested  by  Neumayr 
that  part  of  the  armature  of  the  hinge,  in  the  shape  of  teeth,  is  due  to  deposits 


Fig.  50',). 

Hiiniomiin  riilciforiitis,  Ag.  With  well-preserved  external, 
o)iisthoiletic  ligament.  Lower  Oolite  ; near  Bayeux. 


' Arner.  Journ.  Science  [3],  vol.  XXXVIII.,  1889,  pp.  448-451. 
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made  parallel  to  or  induced  by  the  presence  of  the  chondrophore  and 
resilium. 

There  is  some  reason  to  think  that  the  presence  of  the  resilium  in  Pecten 
and  Spondylus  may  be  connected  with  those  changes  of  the  auricular  crura 
which  lead  to  the  assumption  of  dental  functions  by  the  latter.  But  it  is  well 
known  that  submergence  of  the  resilium  occurs  independently  in  many  unre- 
lated groups  of  bivalves ; and  it  is  probable  most  of  them  were  previously 
dentiferous  and  still  retain  their  teeth,  although  more  or  less  modified  or 
displaced,  while  the  edentulous  genera  seldom  show  any  teeth  which  appear 
to  owe  their  existence  solely  to  the  presence  of  a chondrophore.  The  nearest 
approach  to  a hinge  composed  of  dental  laminae  of  such  an  origin  is  found  in 
Placuna,  Placenta,  and  Placimanomia,  together  wdth  the  Spondylidae  already 
mentioned. 

Classification. — The  class  Pelecypoda,  which  comprises  about  5000  recent 
and  twice  as  many  fossil  species,  appears  to  be  divisible  into  three  or- 
dinal groups  : Prionodesmacea,  Anomalodesmacea,  and  Teleodesmacea ; of  which 
the  third  represents  the  most  perfected  and  developed  (though  not  always  the 
most  specialised)  modern  type  of  bivalve.  There  seems  little  reason  to  doubt 
that  all  these  orders  are  descended  from  a Prionodesmatic  radical  or  prototype, 
and  that  for  various  reasons  the  first  and  second  retain  more  evident  traces  of 
this  origin  than  the  third. 

For  convenience  of  comparison  the  characteristics  of  these  orders  will  be 
stated  here. 

Prionodesmacea. — Pelecypods  having  tlie  lobes  of  the  mantle  generally  separated,  or, 
wlien  caught  together,  with  imperfectly  developed  siphons  ; the  soft  parts  in  general 
diversely  specialised  for  particular  environments  ; the  shell  structure  nacreous  and  prismatic, 
rarely  porcellanous  ; the  dorsal  area  amphidetic  or  obscure,  rarely  divided  into  lunule  and 
escutcheon,  and  when  so  divided,  having  an  amphidetic  ligament  ; ligament  variable,  rarely 
opisthodetic  ; nepionic  stage  usually  with  a taxodont  provinculum  ; permanent  armature  of 
the  hinge  characterised  by  a repetition  of  similar  teeth  upon  the  hinge  line,  or  by  amorphous 
.schizodont  dentition  ; habits  active,  sessile  or  nestling,  not  burrowing ; monoecious  or 
dioecious. 

This  group,  originating  witli  the  earliest  forms,  has  retained  many  archaic 
features  through  immense  periods  of  geological  time,  although  occasionally  develojoing 
remarkable  and  persistent  specialisations.  Notwithstanding  most  of  its  subdivisions 
have  arrived  at  a notable  degree  of  distinctiveness,  intermediate  forms  of  ancient  date 
connect  them  all,  more  or  less  effectively,  wdth  the  jrarent  stem. 

Anomalodesmacea. — Pelecypods  having  the  mantle  lobes  more  or  less  completely  united, 
leaving  two  siphonal,  a jiedal,  and  sometimes  a fourth  opening  between  them  ; siphons  well 
developed,  always  at  the  posterior  end  of  the  body  ; two  subequal  adductor  muscles ; the 
shell  structure  nacreous  and  cellulo-crystalline,  rarely  with  a prismatic  layer  ; the  area  amphi- 
detic or  obscure,  rarely  distinctly  divided ; the  ligament  usually  opisthodetic,  generally 
associated  with  a sejiarate  resilium,  chondrophores,  and  lithodesma  ; valves  generally  unequal, 
the  dorsal  margin  without  a distinct  liinge  plate,  armature  of  the  hinge  feeble,  often  obsolete 
or  absent ; rarely  with  lateral  laminae  or  well-developed  dental  processes  ; msually  burrowing, 
hermaphrodite,  and  marine. 

This  group  is  intimately  related  to  many  of  the  Palaeoconcha,  except  as  regards  the 
presence  of  a pallial  sinus.  It  retains  many  archaic  features,  and  includes  several  of 
the  most  specialised  modern  forms.  Through  the  Anatinacca  it  approximates  the 
Myacean  Teleodesmacea.  It  is  peculiar  in  the  possession  of  a lithodesma,  and  in  the 
structure  of  its  gills  and  hinge.  The  forms  with  a reticulate  gill  have  it  of  a different 
type  from  the  reticulate  gills  of  the  other  orders ; those  which  retain  a modified 
foliobranch  gill  have  it  different  from  the  foliobranch  gill  of  Prionodesmacean  groups. 
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There  are  no  forms  with  a filibranchiate  gill,  or  with  a typically  fully  developed 
reticulate  gill. 

Teleodesmacea. — Pelecypods  with  reticulate  gill.s,  the  ventricle  of  the  heart  embracing 
the  rectum  ; having  the  mantle  lobes  more  or  less  connected  and  usually  possessing  developed 
siphons  ; the  adductors  jiractically  erpial  ; the  shell  structure  cellulo-crystalline  (jiorcellanous) 
or  obscurely  prismatic,  never  nacreous  ; the  dor.sal  area,  when  present,  always  prosodetic  or 
divided  into  lunule  and  escutcheon  ; ligament  ojiisthodetic,  with  or  without  separate  resilium  ; 
without  a lithodesnia,  rarely  with  e.xternal  accessory  shelly  pieces  ; nepionic  stage  usually 
without  a Taxodont  provinculum  ; jiermanent  armature  of  the  hinge  characterised  by  the 
separation  of  the  hinge  teeth  into  distinct  cardinals  and  laterals  ; the  posterior  laterals, 
when  present,  placed  behind  the  ligament  ; the  animals  active  or  nestling,  sometimes  sessile, 
but  rarely  sedentary  burrowers,  I'arely  inequivalve,  usually  possessing  a hinge  plate  and  a 
pallial  sinus  ; sexes  usually  seiiarate. 

It  is  doubtful  if  this  group  is  represented  in  the  Palaeozoic  rocks,  especially  below 
the  Carboniferous,  though  genera  belonging  to  it  are  foreshadowed  by  some  of  the 
Palaeoconchs.  Although  most  of  the  Teleodonts  live  embedded  in  the  surface  of  the 
sea-bottom,  they  retain  their  ability  to  migrate,  and  only  a few  extremely  specialised 
forms  inhabit  permanent  burrows  of  their  own  construction.  They  are  .sometimes 
commensal  in  the  burrows  of  other  animals.  Similarly,  few  of  them  fix  themselves 
jiermanently  by  a liyssus,  although  often  byssiferous,  especially  when  young.  'With 
the  exception  of  a few  specialised  forms  they  possess  a pair  of  direct  and  reflected 
branchial  laminae  on  each  side  of  the  body,  frequently  united  behind  the  foot,  forming 
an  anal  chamlier  ; the  two  sets  on  one  side  usually  of  unequal  size,  and  of  the  reticulate 
type.  None  are  known  with  typically  foliobranch  or  filibranch  gills,  although  some 
abyssal  forms  have  archaic  sub-foliobranchiate  ctenidia. 

There  remains  a small  group  of  fossils,  diflicult  to  refer  to  a place  in  the  system, 
yet  characterised  by  several  features  in  common  ; these  have  been  named  by  Neumayr 
J'alaeoconrha,  and  are  defined  by  him  as  follows  : — 

Palaeoconcha. — Prototypic  Pelecyiiods,  witli  tliiii  sliells,  a simple  or  obscure  jiallial  line, 
sub-equal  adductor  scars  placed  higli  in  the  valves  ; dorsal  area  absent  or  aniphidetic  ; liga- 
ment external,  variable  ; liingc  margin  edentvdous  or  with  polymorphous  teeth  formed  by 
modifications  of  the  margin  and  not  set  upon  a hinge  [>latc. 

AMiilc  the  forms  included  here  are  not  always  actually  the  most  ancient,  yet  in 
their  modifications  they  indicate  clearly  the  origin  of  many  subseipiently  developed 
structures  found  in  Pelecypods  of  a more  modern  tyi)c  ; and  owing  to  their  undifferen- 
tiated polymorphic  character  are  diflicult  to  assign  a i)lace  in  any  classification  based 
on  more  highly  developed  forms.  Tliere  is  little  doubt  that  some  of  these  show'  Taxo- 
<lont  affinities,  and  others  recall  Pliohuh-nuja  ; but  the  final  discussion  of  these  jiuzzling 
forms  awaits  greater  knowledge  of  them  and  other  early  bivalves.  It  is  to  be  under- 
stood that  the  places  assigned  them  in  the  present  .systematic  arrangement  must  be 
more  or  less  provisional.  Xeumayr  included  in  this  group  the  following  families  : — 


Vhffif  Itldf*. 

(!d  nf  utldhie. 

A ntiph'u  riifdf. 
L^n  vlirortliidae. 


P I'oe.co  I'iHUhie,  Sf)hno2)si<hte. 

Si  1 1/ ri  n ithip.  < i ram  mysiidae. 

Protom yidar  (including  possiMy  Posi<ion(fmyida.e, 

tile  recent  Solemya).  Daonrllidae. 


The  pelagic  Planlctomya  ILeuseni,  recently  described  by  Simroth,  presents  many  of 
the  characteristics  of  the  Palaeoconchs.  The  posterior  cardinal  margin  is  denticulate, 
the  ligament  internal,  and  the  gills  are  represented  by  a single  lateral  plate  jau'allcl 
with  the  longer  axis  of  the  shell  on  each  side  ; a type  elsewhere  only  known  in  con- 
nection with  the  younger  stages  of  Scioheretia. 
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Order  1.  PRIONODESMACBA.  Dali. 

I.  (Palaeoconcha,  x’-P-  Neumayr).i 
Famih'  1.  Solemyacidae. 

Shell  Soleniform,  equivalve,  lov; -lealced , edentulous,  (japing,  unth  the  anterior  end 
longer  and  the  epidermis  conspicuous,  exceeding  the  valves ; area  obscure  or  none;  ligament 
ainphidetic,  parivincular,  becoming  interned  jjosteriorlj ; mantle  lobes  united  ventrallij, 
attached  in  front  to  the  epidermis  and  vrdves  by  a broad  surface,  leaving  no  distmet  pallial 
line;  a single  posterior  siphoned  and  anterior  jKded  foramen  in  the  mantle;  adductors 
sub-equal,  with  a thickened  ray  in  front  of  the  qjosterior  scar ; animal  dioecious,  marine, 
burrowing.  Silurian  to  Recent. 

Solemxja,  Lam.  Carboniferous  to  Recent,  rare  in  all  horizons.  1 0rthodesma, 
Hall.  Silurian.  Janeia,  King,  shorter  and  less  inequivalve,  may  include  most  of  the 
Palaeozoic  species  hitherto  referred  to  Solemya.  Clinopistha,  Meek  and  Worthen, 
from  the  Carboniferous,  is  also  allied,  and  Dystactella,  Hall,  is  united  with  it  by  Zittel. 
Phthonia,  Hall,  from  the  Devonian,  is  placed  here  by  Ulrich. 

Family  2.  Solenopsidae.  Neumayr. 

Shell  thin,  elongate,  equimlve,  with  very  anterior  beaks ; the  hinge  edentulous,  ligament 
parivincular,  external;  pedliul  line  not  sinuated ; a ridge  or  groove  radiating  from  the 
beak  to  the  loiver  posterior  angle  of  the  valves.  Marine.  Silurian  to  Trias. 

Sanguinolites,  M‘Coy.  Elongate,  obliquely  truncate  Ijehind  ; beaks  low,  sculpture 
of  concentric  or  broken  lines,  anterior 
adductor  scar  buttressed  by  a ridge. 

Carboniferous. 

Promacrus  and  Prothyris,  Meek. 

Carboniferous. 

Arcomyopsis,  Sandb.  Somewhat 
curved,  with  prominent  beaks  ; obliquely 
truncate  behind  ; q)osterior  area  radially,  the  rest  of  the  surface  concentrically 
sculiJtured.  Devonian. 

Orthonota,  Conrad  ; Orthodesma,  Hall.  Silurian. 

Solenopsis,  M‘Coy  (Fig.  600).  Very  long,  scabbard-shax)ed,  smooth  ; anteriorh' 
short  and  ronnded,  gaping  behind.  Devonian  to  Trias. 

Family  3.  Vlastidae.  Neumayr. 

Shell  thin,  very  inequivalve,  bccdcs  elevated,  hinge  line  edeidulous,  ccrched,  meeting  at  an 
obtuse  angle  beneath  the  beaks,  leaving  a dorsal  opening ; surface  smooth  or  concentriccdly 
striate. 

The  two  genera  Vlasta  and  Dux  {Vevoda),  Barrande,  from  the  Silurian  of  Bohemia 
(Etage  E 2),  constitute  this  family. 

Family  4.  Grammysiidae.  Fischer. 

Shell  thin,  equivedve,  oval,  or  elongate,  with  the  becdcs  sub-central  to  anterior ; hinge 
edentulous,  sometimes  thickened.  Ligament  pctrivincular,  exteriud ; pcdlicd  line  not 
sinuate;  surface  smooth  or  concentrically  scidpAured.  Silurian  to  Carboniferous. 

^ [The  terms  Palaeoconcha,  Taxodonta,  Schizmhmta,  etc.,  preceded  by  Pioman  numerals,  are 
retained  here  merely  as  conveuieiit  descriptive  appellations,  and  are  in  nowise  to  be  regarded  as 
possessing  systematic  values.] 


Fig.  600. 

Solenopsis  pelngico,  Goldf.  Devonian  ; Eifel  District. 
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Gmmmysia,  Veni.  {Sjjhenomya,  Hall),  (Fig.  GOl).  Shell  elongate-ovate,  concen- 
ti'ically  scnlpturecl,  with  a deep  limule  ; cardinal  margin  thickened,  edentulous ; 

surface  with  several  radial 
grooves.  Silurian  and  De- 
vonian. I’rotomya,  Hall,  is 
similar  hut  without  the 
groove.s. 

L> iitodnmus,  M‘Coj',  Sil- 
urian ; Elyviella,  Glonsifes, 
Eiithrjdesma,  I'aleanatiiKi, 
and  ? Tellinopsiit,  Hall  ; 
Devonian. 

Cardiornorplia,  de  Kon, 
Oval,  inflated,  beaks  almost 
anterior,  conspicuous,  ad- 
jacent, prosogyrous  ; hinge  line  thin,  arched.  Silurian  and  Carboniferous. 

Isoculia,  M‘Coy.  Like  the  ]>receding,  but  with  coarse  concentric  .sculpture. 
Carboniferous. 

Other  Carboniferous  genera  are  Broeckin,  de  Kon. ; Chaenomya,  Meek  ; Scdywickia, 
M'Coy  ; and  Edmondin , de  Kon.  The  last  is  like  Cardiornorplia,  but  gapes  in  front, 
with  a narrow  ridge  below  the  beaks. 

Tlie  Cambrian  FordUla,  Barrande,  earliest  of  bivalves  if  a Jlolhisk,  may  ))o.s.sibly  belong 
to  the  Crustaceans  near  Eathcria.  It  is  minute,  oval,  somewhat  arcuate,  ami  concentrically 
striated.  Potsdam. 

MTiat  aj>pears  to  be  a genuine  Pelecypod,  and  so  far  the  only  one  except  FordUla  which  is 
known  from  the  Candjriau  rock.s,  is  Modioluidcs  priscus,  M'alcott.  It 
is  transversely  oval,  with  sub-central,  incurved  beaks,  and  an  anterior 
adductor  scar  visiljle  within  an  aj)j)arently  sini])le  jtallial  line.  It  is 
minute  (2  mm.  long),  and  known  by  an  internal  cast  from  the  Lower 
Cambrian  of  AVashington  County,  Xew  Yoik.  The  Ordovician 
Jlcdonla,  Rouault,  is  not  dissimilar. 

Family  5.  Cardiolidae.  Neumayr. 

Shell  cquiralve,  inflated,  obliquely  ovate,  vith  prominent  beaks, 
and  edentulous  hiiirje ; sculqiturc  often  radial,  or  sonietirnes  of  ron- 
ccntric  ruhjes,  uiiich  may  be.  confined  to  the  beaks.  Silurian  and 
Devonian. 

Cardiola,  Brod.  (Fig.  G02)  ; Gloria,  Barrande  ; Eopteria 
(I  Euchasma),  Billings,  from  the  Ordovician,  may  also  belong 
liere. 

Family  G.  Antipleuridae.  Neumayr. 

Shell  very  inequivalve,  vjithout  yape  below  the  beaks;  hinrje  obscurely  Taxodont,  vnth  an 
amphidetic  area  and  jircdorninantly  radial  sadpture.  Silurian. 

Antijdenra,  Dualina,  and  Jialila  of  Barrande. 

Family  7.  Praecardiidae.  Neumayr. 

Shill  eqnivalve  vnth  Taxodont  dentition  and  usually  stronej  radial  sculpture.  Silurian 
an<l  Devonian. 

This  family  contains  the  following  genera  of  Barrande  from  the  Silurian  of 
Bohemia  : — Praerardimn,  Pararardiurn,  Paella,  J'entata,  Bu.chiola  {Glyptocardia,  Hall), 
Praelucina,  Beyina,  Praelima ; to  which  Neumayr  adds  Pleurodonta,  Conrath,  and 
Pararca,  Hall.  It  is  possible  that  Silurina,  Barrande,  regarded  by  Neumayr  as  the 
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type  of  a distinct  family,  may  also  be  included.  It  is  distinguished  by  its  feebler 
structure  and  a dorsal  radial  groove  near  the  cardinal  border. 

II.  Taxodonta.  Neumaj'r  (emend.) 

Superfamily  1.  NUCULACEA. 

Shell  of  variahle  form,  closed  ventrallij,  equivalve,  with  a smooth  eqndcrmis  ; nacreous  or 
porcellanous  with  ticbuliferous  external  prismatic  layer;  area  obscure,  or  none,  when  qmesent 
divided  into  lunule  and  escutcheon  ; ligament  variahle,  cmphidetic ; gills 
foliobranchiate ; both  adductors  present  and  sub-equal;  foot  grooved  and 
reptary,  not  hyssiferous ; marine. 

Family  8 ? Ctenodontidae.  Dali. 

Shell  Nuculiform,  witli  the  teeth  in  a continuous  arched  series ; no 
area;  ligament  external,  alivincular,  without  an  external  resilium ; 
pallicd  line  simple.  Ordovician  and  Silurian. 

Gtenodonta,  Salter  {Tellinomya,  Hall  p.p.),  (Fig.  603).  Oval,  smooth 
or  concentrically  striate,  in  the  later  horizons  sometimes  Ledaeform. 

Ordovician  and  Silurian. 

Gucullella  (M‘Coy),  Fischer.  Ovate,  thin-shelled,  with  a straighter  hinge  line  and 
a radial  buttress  to  the  anterior  adductor.  Silurian. 

Family  9.  Nuculidae.  Adams.^ 

Shell  compact,  closed,  loith  the  teeth  in  two  series  meeting  heloiu  the  umbones,  separated 

by  a chondrophore ; area  represented  by  an  obscure 
lunule  and  escutcheon;  no  ligament,  but  a wholly 
internal,  amphidetic,  alivincular  resilium ; internal 
layer  of  shell  nacreous ; mantle  lobes  free,  without 
siphons ; pallial  line  simple.  Ordovician  to  Recent. 

Nucula,  Lam.  {Nucukma,  Link),  (Fig.  604). 
Oval  or  triangular,  concentrically  or  reticulately 
sculptured.  Silurian  to  Recent.  Represented  by 
over  200  fossil  and  half  as  many  recent  S2:>ecies. 

Acila,  Adams.  With  divaricate  sculpture. 
Lower  Cretaceous  to  Recent. 

Family  10.  Ledidae.  Adams.^ 

Shell  as  in  the  Nuculidae,  hut  elongated  unth  the  ligament  variable,  the  resilium  sometimes 
external  or  absent,  the  internal  shell  layer  sub-nacreous  or 
porcellanous,  the  ends  of  the  shell  partly  (japing ; the  mantle 
lobes  more  or  less  united;  with  complete,  sometimes  elongate 
siphons;  pcdlial  line  usucdly  sinuated.  Silurian  to  Recent. 

Gleidophorus,  Hall  {Adranaria,  Mun.  Chaim.),  (Fig. 

605).  Shell  rostrate,  the  anterior  side  shorter,  with  an 
internal  radial  buttress.  Silurian  and  Devonian.  Fto.  go5. 

Gi/therodon,  Hall.  Silurian  and  Devonian.  ? Redonia,  Ciddophonis  cvUratus,  Sandb. 
Rouault ; Gadomia,  Tromelin  ; Tellinomya,  Palaeoneilo,  ?anfNiede“laimTte^^ 

Hall  ; Anuscida,  Barr. ; and  Myojolusia,  Neumayr.  Silurian. 

Leda,  Schum.  (Figs.  606,  607).  Shell  rostrate,  elongate,  often  keeled,  concentri- 
cally striate  ; hinge  as  in  Nucula, ; ^Jallial  sinus  small.  Silurian  to  Recent. 

^ Verrill,  A.  JE.,  and  Bash,  K.  J.,  Revi.sion  of  the  genera  of  Ledidae  and  Nuculidae  (Araer.  Jonrn. 
Science  [4],  vol.  III.  pp.  51-6-3),  1897. 


A B 


Fig.  604. 


A,  Nucula  strigilata,  Goldf.  Upper  Trias  ; 
8t.  Cassian,  Tyrol,  i/j.  B,  N.  mideu.%  Unn. 
Miocene  ; Grussbacli,  near  Vienna,  i/j. 


Cten.odonta  pecUin- 
culoides.  Hall.  Or- 
dovician : Cincin- 

nati, Ohio.  3/i  (after 
Hall). 
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\ohJi((,  Moller  (iig.  608).  Shell  thin,  wide,  and  more  or  less  gaping  behind, 
hinge  as  in  Xucula.  Cretaceous  to  Ilecent. 


Fio.  (i06. 

Lf  fhi  rosirctn^  Lam. 
sj).  ^ridi.lle  Jura; 
>rilliaud,  Aveyron. 
Vi. 


Fig.  007. 

Lc<l(i  DcshdiioxUnid,  Ducli. 
Olij'oceiie  ; Rupelmomle, 
Bflgiuiii.  Vl- 


Fig.  008. 

VnliJid  drrtird,  Gray, 
ricistocoiie ; liolius- 
Ian,  Sweden,  i/i- 


Fig.  000. 

XucuUna  ovnlis, 
Wood  .sp.  Mio* 
cene;  Forcditenau, 
near  Vienna. 


Nuculina,  d’Orb.  (Fig.  C0!K  Nuculiforni,  hinge  teeth  few  and  discrepant  ; 
with  large  lateral  tooth  and  external  ligament.  Tertiary  and  Ilecent. 

Malletin,  Desm.,  and  Tniduriu,  Bell.  Yoldiform  and  Nuculiform  respectively,  hut 
without  internal  chondrophore.  Tertiary  and  Recent. 


Superfamily  2.  ARCACEA.  Deshayes.  | 

.S7(c//  of  varied  form,  umalhj  with  a pilose  epidermis,  porcellanous,  with  tuhuliferous 
'non-prismatic  e.rternal  layer ; urea  typicidly  amphidetic,  Ihpnnent  external,  ali-  or  multi- 
vinculnr  ; gills  fdihran<dnate,  with  the  filaments  usually  rejlceted ; mantle  lobes  free,  without 
siphons,  the  pallial  line  simple;  foot  variable,  deeply  grooved,  bijssogenous ; marine  or 
fiuviatile. 

Family  11.  Parallelodontidae.  Dali. 

Shell  Arciform,  with  the  posterior  hinye  teeth  elongated,  tending  to  he  parallel  to  the 
hinge  margin;  ligament  multi  vine  alar.  Carboniferous  to  Recent. 


I-'Kl.  (110. 

Pn rellthnhut  Morris  and 

r.yc.  Great  ( lolite  ; .Mineliinliainnlon, 

Englanil.  l/j. 

Tlie  ancient  forms  of  tliis  group  appear  to  connect 
with  the  PtcriaceM  through  Ftcriue.a,  and  with  Area 
througli  Cucullaea.  Tlie  recent  forms,  wliich  from 
their  sliell  cliai’acters  have  been  referred  to  Maeroi/.nn, 
are  all  small  and  abyssal.  Tlie  relationsliij)  of  this 
family  to  the  Arcidac  is  very  intimate  but  not 
exclusive. 


Parallelodon,  Jleek  {Macrodon,  Lycett),  (Fig. 
610).  Shell  elongate,  sub-rpiadrate,  ivith  amphi- 
detic  area,  and  iirominent,  rather  anterior  beaks. 
Anterior  teeth  transverse  or  Ilexuous,  posterior  Ion 
Devonian  to  Tertiary;  maximum  in  Coal  Measures. 


Fio.  Oil.  j 

CiiculUir.d,  Hersilid,  tFOrb.  Oxfordian; 
Vieil  fSt.  Kemy,  Ardennes.  Vi- 


g and  parallel  to  the  hinge  line. 
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Grammatodon,  Meek  and  Worthen,  and  Nemodon,  Conrad,  are  allied.  Carhonarca, 
Meek  and  Worthen.  Beaks  inflated,  curved,  angular  behind  ; hinge  margin  curved, 
with  two  oblique  teeth.  Carboniferous. 

Cucullaea,  Lam.  (Fig.  611).  Shell  inflated,  trapezoidal  ; hinge  teeth  in  the  centre 
of  the  hinge  short,  transverse  or  oblique,  the  terminal  teeth  on  each  side  longer,  sub- 
parallel to  the  hinge  line  ; 230sterior  adductor  usually  siqjported  by  a radial  elevated 
lamina  or  buttress.  Jura  to  Recent  ; maximum  in  Mesozoic. 

Cucullaria,  Desh.,  of  the  Eocene,  and  Idonearca,  Conrad,  are  closely  allied. 

Family  12.  Cyrtodontidae.  Ulrich. 

Shell  equivalve,  short,  usually  heavy,  convex,  and  earthy,  without  'persistent  epidermis, 
area  small,  ligament  piarivincular  ? ; hinge  teeth  transitional  hetiveen  the  Farallelodon  and 
Dysodont  type ; adductor  scars  sub-equal,  the  posterior  larger  hut  less  impressed.  Ordovician 
to  Devonian. 

These  forms  are  evidently  intermediate  in  character.  They  recall  Limopsis  among  later 
types,  are  nearly  related  to  the  Parallelodontidae,  but  liave  not  the  multivincular  ligament  ; 
the  hinge  has  Dysodont  elements,  but  the  difl'erence  of  texture  and  ejiidermis  stand  in  the 
way  of  assimilating  them  with  the  Mytilacca. 

Cyrtodonta,  Bill.  {Gypricardites,  p).p.  Conrad  ; Megalomus,  Hall).  Shell  rounded, 
moderately  ventricose,  with  rather  tumid,  incurved,  anterior  beaks  ; area  narrow  and 
obscure  ; cardinal  teeth  two  to  four,  obliquely  curved  or  horizontal  ; lateral  teeth  near 
the  posterior  end  of  the  hinge  elongate,  strong,  curved,  or  oblique  ; jiallial  line  simple. 
Anterior  adductor  set  on  the  wall  of  the  valve.  Silurian. 

Gypricardites,  Conr.  {Pulcarca,  Hall).  Five  cardinal  teeth  jn'esent,  the  anterior 
largest.  Silurian. 

Vanuxemia,  Bill.  Beaks  more  nearly  terminal,  anteidor  adductor  scar  excavated 
out  of  the  hinge  j)late.  Ordovician. 

Whitella,  Ischyrodonta,  Ulrich  ; and  Matheria,  Bill.  Silurian. 

Family  13.  Limopsidae.  Dali. 

Shell  Pectunculoid,  equivalve,  or  nearly  so ; the  ligament  cdivmcular,  pnirtly  immersed, 

! its  socket  app)roaching  a chondropdiore ; urea  small ; foot  long,  narrow, 

I grooved,  byssiferous ; otherwise  as  in  Arcidae.  Trias  to  Recent. 

These  forms  jwecede  the  tyjiical  Area  and  have  a sjieciai  facies  of  their 
own.  The  two  dental  series  of  the  hinge  are  often  discrejiant  in  character 
or  direction,  recalling  the  Parallelodontidae. 

Limopsis,  Sassi  (Fig.  612).  Small,  rounded,  or  oval,  recalling 
Glycimeris,  excejjt  for  the  alivincular  ligament.  Trias  to  Recent. 

Trinacria,  Mayer  {Trigonocoelia,  Nyst).  Like  Limopsis,  but  tri- 
angular, with  the  2>osterior  slojie  keeled.  Eocene.  Gnisma,  Mayer, 
from  the  Eocene,  a^^pears  to  be  related. 

Family  14.  Arcidae.  Dali. 

Shell  trapezoidal  or  rounded,  with  the  posterior  side  longer ; ligament 
vincular ; hinge  typically  Taxodont,  icith  the  teeth  in  two  similar  series,  meeting  below  the 
becdcs,  and  approximately  vertical  to  the  margin  of  the  valve ; foot  stout,  short,  deeply 
grooved.  Jura  to  Recent. 

Most  of  the  Palaeozoic  Arra-like  fonns  are  probably  Parallelodontidae,  and  the  typical 
Areas  are  jweceded  by  Pectunculoid  forms.  The  convergence  of  the  tyjies  of  Arcacca  as  we 
recede  in  geological  time  is  very  marked,  and  their  relations  to  the  hiuculacea  are  evident  in 
spite  of  the  later  develojied  dilferenoes. 


Lhiiopsis  aurita, 
Brocclii.  Pliocpne; 
Piacenza,  i/x- 


usually  multi- 
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Area,  Lain,  (type  A.  Xoae,  Lin.)  Shell  trape/oid,  equivalve,  with  a wide  amphi- 
detic  area,  distant  conspicuous  beaks,  and  radial  sculpture  ; a wide  byssal  gape  ; a 
long,  straight,  transversely  dentate  hinge  line,  with  many  small  similar  teeth. 
Tertiary'  and  Recent.  L^sed  in  the  wider  sense,  to  include  all  the  groups  of  Arridae, 
there  are  some  200  living  and  300  to  400  fossil  species. 


Sub-genera:  Barhalia,  Gray  (Fig.  613);  Scnpharcu,  Xoclia,  Anadara  (fdg.  614),  ami  i 
Anjina,  Gray  ; Scoplndu,  Benson  (fresh- water),  etc. 


Isoarra,  Munst.  (Fig.  blSj.  Shell  smooth,  inflated  ; beaks  full,  incurved  ; hinge 
line  with  rather  amorphous  dentition.  Tapper  Jura  and  Lower  Cretaceous. 


Kio.  C15. 


Kio.  013. 


Fio.  014. 


Arm  (Iki rhiitlti)  hnrhoh',  I.inn.  Mio- 
cene ; Gniml,  near  Vieiimi.  l/j. 


Arm  (Aiiatlcirtf)  dUarii, 
Pliocene;  Siieniia. 


Arm.  (Ismrm)  rordi- 
f'lrmis,  Ziet.  Uliper 
.lura;  Natlheiin,  War- 
teiiibcrg.  l/j. 


i 


V 


Ghjrirneris,  Da  Costa  {Pectunadns,  Lam.  Axinea,  Poli),  (Fig.  GlGj.  Rounded  and 
almost  symmetrical.  Basal  margin  dentate  ; area  as  in  Ana,  but  shorter  ; ligament 


Fit;.  iJli). 

ris  nijnrnhis,  Lain.  ( )li‘,^jcene  ; Wcinliciin,  near  Alzey.  Vi- 


4 


multivincular  ; teeth  obliipie,  in  an  arched  series,  interrupted  during  growth  by  the 
subsidence  of  the  areal  margin.  Cretaceous  to  Recent ; maximum  in  Miocene. 

III.  ScHizoDONXA.  Steinmann  ('emend.) 

Superfamily  3.  PTERIACEA.  Ball. 

Shells  of  varied  form,  frequently  (date,  vsith  a nacreous  or  suh-nacreous  inner  amd  pris- 
rnrdic  outer  layer ; the  epidermis  seldom  conspicuous;  area  amphidetic ; ligament 'variable, 
unucdly  not  parivincular ; gills  filihrancliiate  or  reticulate,  usually  reflected;  'mantle  lobes  i 
free,  without  siphons;  pidlkd  line  simjile ; the  anterior  adductor  snmller,  or  frerquently 
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obsolete  in  the  adult,  though  present  in  the  young;  generally  byssiferous ; hinge  Schizodont 
or  edentulous.  The  young  sometimes  shoicing  a distinct  nepionic  .stage.  Marine. 


Family  15.  Pterineidae.  Dali. 


Shell  Pteriiform,  bialate,  dimyarian,  the  anterior  adductor  smaller ; inequivahe,  very 
inequilateral;  dentition  obscure ; ligament  amphidetic,  external,  multivincular  {fj ; thehyssus 
passing  tlwough  a notch  in  the  smaller  valve.  Ordovician  to  Devonian. 

In  Picrinea  and  its  allies  we  have  the  first  indications  of  divergence  of  what  ultiniately 
hecame  Taxodoiit  and  Schizodont  dentition.  From  this  assemblage,  as  indicated  by  Jackson, 
a large  proportion  of  the  Prionodesmacea  have  diverged  in  various  directions.  It  is  probable 
that  from  this  source  the  filibrancliiate  Taxodonts  have  sprung,  rather  tlian  directly  from  the 
foliobranchs. 

Rhombopteria,  Jackson  (Fig.  617).  Posterior  wing  separated  from  the  body  of  the 
valve  by  a shallow  sinus  ; anterior  wing  short  ; teeth  obscure,  the  posterior  elongated. 
Silurian. 

Pterinea,  Goldf.  (Fig.  618).  Left  valve  convex,  right  valve  Hat  ; hinge  plate  long, 
broad,  auriculate  before  and  behind  ; area  amphidetic,  grooved  ; ligament  parivin- 

A B 


Fig.  liir. 

Rhomhoptena  mi  ro, 
Barr.  sp.  Silurian  (E); 
Prague  (after  Jackson). 


Fig.  618. 

rtcHyica  la.evis,  GoMf.  Devonian;  Niederlalinstein,  Nassau.  Interior  of  left 
valve,  i/j.  B,  P.  lineata,  Goldf.  Same  locality ; external  view. 


cular  (?) ; anterior  teeth  obscure,  transverse  ; the  posterior  elongate,  nearly  parallel  to 
the  cardinal  margin,  depressed  behind.  Posterior  adductor  scar  large,  the  anterior 
small  but  strong,  inserted  below  the  anterior  wing.  Silurian  to  Carboniferous  ; 
particularly  abundant  in  the  Devonian  of  Europe  and  America. 

Actinodesma,  Sandb.  [Glyptodesma,  Ectenodesma,  Hall  ; Dolichopteron,  Maurer).  Like 
Pterinea,  but  with  the  wings  elongated  and  pointed.  Devonian. 

Leptodesma,  Hall ; Kochia,  Freeh  {Onychia,  Sandb. ; Loxoptcria,  Freeh).  Devonian. 


Family  16.  Lunulicardiidae.  Fischer. 

Usually  eqaivalve,  triangular  shells  ivith  terminal  beaks,  from  which  « sharp  ridge 
runs  toward  the  lower  margin,  bounding  a,  flattened  area.  Hinge  margin  straight,  long. 
Internal  characters  unknown.  Silurian  and  Devonian. 

Lunulicardium,  Miinst.  Anterior  side  with  a byssal  sinus.  Silurian  and 
Devonian.  L.  semistriatum,  Miinst. 

Patrocardium,  Fischer  [Hemicardium,  Barr,  non  Cuvier).  Without  byssal  sinus. 
Silru’ian. 

Additional  genera  : Amita  {Sqxmila,  Tetinka),  Mila,  Tenka,  Babinka  (Matercula),. 
Barrande.  Silurian. 

Family  17.  Ambonychiidae.  Miller. 

Shell  Mytiliform,  with  no  anterior  wing,  the  anterior  adductor  obsolete;  equivalve, 
very  inequilateral;  dentition  obsolete  or  Schizodont;  ligament  external,  multivincular  (1) 
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hii-mis  pnxshvj  throiKjh  a narroic  f/ape  hctn-een  the  valves  which  are  otherwise  closed.  Ordo- 
vician to  Devonian. 


Tlie  ty[)ical  Anihonychia,  accordin"  to  Ulrich,  is  edentulous  ; the  forms  ordinarily  j)assiug 

under  that  name  being  now  referred  to  Bys^n- 
-1  II  ychia.  In  this  group  the  hyssus  does  not  pass 

through  a notch  in  one  of  the  valves. 

The  Amlo/iychiulac  include  the  typical  menu 
hers  of  Amhonychia,  Byssopteria,  and  Amphi- 
cocUa,  Hall  ; Upisthoptcra  [Mcyaptcra),  Jleek  ; 
Anomalodunta,  Miller  ; Byssonychia  and  Alln- 
nychia,  Ulrich  ; and  tlieir  allies. 

Byssonychia,  Ulrich  (Fig.  619).  Hinge 
with  several  small  cardinal  and  two  or  three 
slender  lateral  teeth  ; area  striated  ; otherwise 
as  in  Amhonychia. 

Baleocardia,  Hall.  Silurian.  Mytilarca, 
I'lethomytilns,  Hall.  Devonian. 

Gosseleti((,  Barrois  {Cyrtodontopsis,  Freeh). 
Thicker  slielled,  with  heavier  and  more 
numerous  teetli.  Devonian, 
concentrically  sculptured.  Silurian. 


l-'io.  (UO. 

A,  Jliissnni/rhiii,  sp.  Cincinnati  Group;  Cincin- 
nati,  Oliio.  Interior  of  riglit  valve.  i/i  (after 
Miller).  Ji,  />'.  (Hall),  Ulrich.  Same  locality. 


Clionychia,  Ulricli.  Edentulous 


Family  18.  Pinnidae.  Meek. 


Shell  Mytiliforrn,  not  alate,  dimyacian,  the  anterior  adductor  smaller;  equiv^ilve, 


J-'io.  020. 


Piunf’  jtifromiihrJis,  Munst. 
Quadcr  Saivl-steiii ; JSchan* 
dan. 


Fic.  ()21. 

I‘inni{jcn(f  Sc/ihai-hi,  Ui'thm.  Upper. Jura;  Kelheiiii,  Bavaria.  External 
and  internal  views,  1/3  natural  size. 


truncate,  and  wholly  open  behind;  edentulous;  area,  linear ; liyament  qmrivincular,  in- 
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ternalj-  shell  structure  coarsely  prismatic,  ivith  a thin,  partial,  nacreous  lining ; hyssifer- 
ous.  Devonian  to  Recent. 

Palaeopinna,  Hall.  Devonian  ; North  America. 

Ariculopinna,  Meek.  A very  small  wing  in  front  of  the  beaks.  Carboniferous 
and  Permian. 

Pinna,  Linn.  (Fig.  620).  Sliell  thin,  with  a long  hinge  line  ; valves  carinate, 
triangular.  Jura  to  Recent. 

Pinnigena,  Sauss.  {Trichites,  Plott),  (Fig.  621).  Muscular  impression  very  large; 
prismatic  layer  extremely  thick  ; sculpture  divaricate.  Jura  and  Cretaceous. 

Atrina,  Gray.  Shell  with  broad  adductor  scars  ; short  hinge  line  and  entire 
nacreous  layer.  Carboniferous  to  Recent. 

Cyrtopinna,  Mdrch.  Jura  to  Recent. 


Family  19.  Conocardiidae.  Neumayr. 


Shell  suh-trigonal,  anteriorly  truncate  and  gaping,  the  margins  of  the  gape  frequently 
produced  into  a tube-like  rostrum  and  sharply  serrate  heloxc,  the  pxosterior  end  usually 
alate,  the  wing  divided  internally  by  a longitudinal  ridge ; 
dimyarian,  the  anterior  adductor  scars  smaller ; equivcdve 
more  or  less  gaping  behind ; Schizodont,  ivith  a single 
anterior  lateral,  and  an  obscure  or  obsolete  cardinal  tubercle ; 
area  ill-defined,  amphidetic;  ligament  external,  qMrivincular  ; 
shell  structure  cancellate,  or  built  up  of  holloiu  prisms  resem- 
bling Jhose  of  Pinna,  hut  not  solid;  valves  thick,  internally 
marginate ; hyssiferous  (?) ; marine.  Silurian  to  Carbon-  Fig.  e-22. 


iferous.  ConocardiuDi  olaaforme,  Sow.  Car- 
boniferous Limestone:  Tournay, 

Tliis  group  includes  Conocardium,  Broun  ; {Plcuro-  Delgium.  J/j. 
rhynchus,  Pliill. ),  (Fig.  622)  ; and  FJivpidoeardium,  Fischer. 

It  is  extremely  isolated,  and  comprises  some  fifty  species.  These  remarkable  shells  have 
been  referred  by  most  palaeontologists  to  the  Cardiacca,  with  which  they  have  no  connection 
whatever  except  analogy  of  form  with  a few  aberrant  Cardiidac. 


Family  20.  Pernidae.  Zittel. 

Shell  sub-mytiliform,  with  a broad  posterior  wing;  monomyarian,  the  anterior  adductor 
absent  in  the  adult;  inequivalve,  teeth  irregular  or  absent,  ivith  a serial  multivinculur 
ligament ; hyssiferous,  ivith  a moderate  gape,  or  none.  Permian  to  Recent. 


Fig.  623. 


.1,  Geroillia  cwicnlouks,  Sow.  Oxfordian;  Dives,  Calvados.  IS,  0.  linearis,  Biwiguie.r.  Hinge. 

This  family  differs  from  the  Pteriidae  chiefly  l>y  its  multivincular.  ligament  in  the  adult 
state.  It  finds  its  maximum  development  in  the  Jura  and  Cretaceous. 

Bakewellia,  King.  Small,  oblicpiely  elongated,  alate  behind,  three  to  four  den- 
ticulations  under  the  beaks.  Permian. 

2 i; 
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Gervillia,  Defr.  (Fig.  623).  Posterior  wing  oFscure,  hinge  ]>late  thick,  beaks 

terminal,  pointed,  witli  oh.scure  dental  ridges  snh-parallel 
to  the  long  axis  of  the  valve.  Trias  to  Eocene. 

Suh-genu.s  Ilocracsia,  Liiuhe  (Fig.  624).  'With  a strong 
tootli  under  tlie  beak  and  .sub-taxodont  denticulations  on  tlie 
po.sterior  cardinal  border. 

Odontoperua,  Freeh.  <)nadrate  with  two  to  three 
oblique  dental  fold.s  below  the  beaks.  Trias. 

Pa-iKi,  Brug.  (Isoiiiwmoii,  Klein ; ^^uUetia,  Fisch.), 
iFig.  625).  Eipiivalve,  snb-ipiadrate,  with  terminal 
beaks,  an  anterior  hys.s<il  notch,  edentnlons  hinge,  and 
Trias  to  Kecent. 


Fio.  ()24. 

Hwrncsin  swie/i.s,  Selilotli.  sp. 
Musclielkalk  ; Wiirzburg,  Bavaria. 


numerous  ligamentarv  groove.^. 


Kio.  iV’d. 

I't  rnn  Suhhmil,  Desh.  Oligocfiie ; WaMlBickelhcim,  near 
Kreuzuach.  Prussia.  ^/... 


Pernostrea^  ]\I uiiier-Clialinas.  Jura. 

Iiuiceramn.%  Sow.  {('ntilla.%  P.rong.  ; Haphscaphu,  Conr.  ; 

AVofo /(■//«.<!,  Fi.seh.j,  (Fig.  626).  liminded  with  concentric  .sculp- 
ture ; jirominent,  ivither  anterior  beak.s  and  edentulous  hinge 
bearing  numei’ous  small  ligamentary  ]uts.  Jura,  and  esj)ecially 
tlie  U])]ier  and  middle  Cretaceou.';. 

Sub-genera:  Act inuecra inus,  Meek  (Fig.  627),  with  radial  .sculp- 
ture ; Volvicrramus,  Stol.  ; Aunpacd,  Eicliw. 

Crenaltdif,  Lam.  Thin-shelled,  elongate,  smooth.  Jura(?), 

Pliocene,  and  Ilecent. 

Family  21.  Pteriidae.  Meek.* 

Shell  Aviculoid,  hialute,  inonomiiaridn,  idcqnivulre,  with  an  ulivincular  liyament ; the 
hy.'^xus  is.sainy  hy  a notch  in  the  xnuiUer  valve;  the  yoiniy  divujarian,  the  anterior  adductor 
disappeariny  u'ith  aye.  Silurian  to  Kecent. 

Pteria,  Scojioli  (Aricula,  Brug.),  (Fig.  628).  Cardinal  liorder  in  the  young  with 
pseudocardinal  and  lateral  teeth,  becoming  more  or  less  obscure  with  growth;  shell 
thin,  oblique.  Devonian  to  Kecent. 

* Bittner,  vl.,  Lamellibrancbiateu  <ler  Alpineii  Trias  (Abbandl.  k.  geol.  Reicbsan.stalt,  B6. 
XVIII.).  1895. 


Kin.  t)27. 

A’-tin  occ  lYi  DIMS  XII  tent  ut, 

Park.  Gault  ; Pertfi  <ln 
Klioiie.  Pj. 


Kin.  (321). 

Inmernmug  Cri/ixi,  Mailt.  Upixir  Cretace- 
ous ; Gosau,  Austria.  >/j  natural  size. 
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Sub-genera  : Aetinopteria,  Liroptcria,  Vertumnia,  Hall.  Devonian.  Ptcronitcs,  M‘Coy. 
Devonian  and  Carboniferous.  de  Kon.  Carboniferous.  Meek  (Fig.  629). 

Trias  to  Cretaceous.  3Ielcagrina,  Lani.  Jura  to  Recent. 


Limopteria,  Hall  (Monopteria,  Meek  ; Mijalinodonta,  Faropsis,  Oelilert).  Anterior 
wing  reduced,  posterior  large.  Devonian  and  Carboniferous. 

Pteroperiia,  Morris  and  Lycett.  Middle  Jura. 


Fig.  628. 

Pteria  contorta, 
Portl.  sp.  Rliae- 
tic  ; K ijssen, 
Tyrol. 


Fig.  629. 

Pteria  (Oj-ytoma)  costata,  Soiv.  Great  Oolite  ; 
Luc,  Calvados. 


Fig.  630. 

Pseudomonotis  cehinato,  Sow.  Corn- 
bra.sli  (Oolite) ; Sutton,  England. 


Pseudomonotis,  Beyr.  {Eumicrotis,  Meek),  (Fig.  630).  Left  valve  flat,  anterior  wing 
not  developed  or  minute.  Devonian  to  Cretaceous. 


Cassianella,  Beyr.  (Fig.  631).  Left  valve 


Fig.  631. 

Cassianella  yryphaeata,  Miiiist.  sp.  Upper  Trias; 
St.  Cassian,  Tyrol. 


inflated  ivith  prominent  incurved  beak  ; 


Fig.  632. 

Monotis  salinaria,  Sclilotli.  sp.  Red 
Alpenkalk  (Xoriaii)  ; Berclitesgaden, 
Bavaria.  2/3. 


tlie  right  flat  or  concave,  without  byssal  sinus ; teeth  small  as  in  Pteria,  Imt  more 
numerous  ; area  amphidetic,  wide.  Trias. 

Monotis,  Broun  (Fig.  632).  Equivalve,  compressed,  radially  striate,  with  low,  snlj- 


Fig.  634. 

Fig.  633.  Posidonomya  Bivheri,  Broun. 

Halobia  {Daonellu)  Lommdi,\\issm.  Lower  Culm  Measures  ; Herborn,  Nassau. 

Keuper  (Norian) ; Wengen,  South  Tyrol.  1/1. 

central  beaks ; anterior  wing  indistinct,  rounded  ; iiosterior  wing  short,  truncate  or 
oblicpie.  Trias. 

Halobia,  Bronn  {Daonella,  Mojs.),  (Fig.  633).  Equivalve  like  Monotis,  but  the 
anterior  wing  only  rejiresented  by  a smooth  non-projecting  area  (Halobia),  or  l.ioth 
wings  absent  (Daonella).  Abundant  in  the  Trias. 

Posidonomya,  Bronn  (Ablacomya,  Steinm.),  (Fig.  634).  Equivalve,  thin,  compressed. 
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concentrically  waved  ; hinge  margin  straight,  edentulous  ; valves  not  auricnlate  ; heaks 
suh-central,  not  conspicuous.  .Silurian  to  Jurassic.  0\  er  fifty  species  are  known  ; very 
profuse  in  the  Jura-Tria.s,  sonietinies  forming  mas.sive  hed.s. 

Malleus,  L;im.  ; Fhilohnju,  Cai’jienter  ; Hochstefteria,  Velain.  Eecent. 


Family  22.  Myalinidae.  Freeh. 

Shell  ohliquelij  ovate,  ivuhned  liehind,  sometimes  with  a small  anterior  ear ; heahs 
anterior  or  terminal;  hiiuje  edentulous,  straiijht ; area  anqihidetie,  lonejitud.inallji 
f! rooted ; lifjament  parivincv.hn-  ? Adductor  scars  suh-cqual ; Injssal  notch  distinct. 
Silurian  to  Jura. 


Mqalina,  de  Ivon.  Shell  thick,  ohli(pie,  with  deep  adductor  scam  anteriorly  under 
the  terminal  heaks.  Silurian  and  Devonian. 

Uoplornijtilus,  Sandh.  ; Mijalinoidera,  Fiech  ; I’tqchodesrnu,  Mutilops,  Modiella, 

Hall.  Devonian.  Leiovnjalina,  Freeh  ; Aphanaiu, 
J'osidoniella,  de  Kon.  ; Liehca,  Waagen  ; Atomodesmu, 
Beyr.  ; Anthracojitcra,  Salter.  Carboniferous. 

I’erqamidea,  Bitl.  Thick-shelled,  eipiivalve,  inflated  ; 
anterior  auricle  distinct,  sharply  truncated  ; hinge  margin 
notclied  below  the  beak.  Trias  of  Asia  Minor. 

M)jsidia,  Bitt.  Anterior  ear  reduced.  Trias. 
Aucella,  Key.s.  (Fig.  G35).  Thin,  inetpiivalve, 
inflated,  small,  concentrically  waved,  sometimes  willi 
radial  striae.  Left  valve  laiger,  arcuate,  with  very  small 
anterior  ear ; right  ^•alve  Hatter  and  smaller.  Area 

Upper 


Fig.  035. 

AmrlUi  Mosiinnisis,  Keys.  Upper 
Jura  ; Moscow,  Russia. 


slioi't,  striated,  witli  a ligamental  sulcus  below  the  beak. 

.Jura  and  Cretaceous;  distribution  world  wide. 

Family  23.  Vulsellidae.  Adams. 

Shell  Ostreiforin,  not  ulate,  inouomyarian,  edentulous,  inequi- 
viilve,  v:ith  an  alirincular  liqament ; hyssus  wantiny ; otherwise 
as  in  the  Pteriidae.  'I'ertiarv  to  Becent.  A degraded  tv])e 
which  has  become  sjieeialised  thi'ough  commensalism  with 
Sponges. 

Vulsella,  Lam.  (Fig.  (!3t)).  Shell  vertically  ju’odueed, 
irregulai’,  edentulons,  with  a triangular  chondrojihore  for  the 
Kocelie  to  Recent. 

Vulsellina,  de  Rainc.  Eocene, 
oils.  (.*'  (dstreidac.) 


ligament. 


Chalmasia,  Stol.  Cretace- 


Superfamily  4.  OSTRACEA.  Goldfuss. 

Shell  deyrnerafe,  .ses.sile,  inequivalve,  yenerally  edentulous, 
winys  obsolete;  u:ith  a sub-nacreous  or  jiorcellanous  inner  and 
prismatic  outer  layer  ; eqnderrnis  inconspicuous  ; area  amphidetic, 
liyament  alirineular ; foot  and  byssus  ((bsent ; valves  usually 
close-Jittiny  ; mantle  lobes  free,  vnthout  siqdions. 


Fio.  036. 

Vuhdla  Vcillaudi,  Zitt. 
Bower  Eocene ; Minicli, 
ES'yi’t.  -/a- 


Family  24.  Ostreidae.  Lamarck. 

Shell  distorted  by  early  adherence  to  other  objects ; monomyarian,  the  anterior  adductor 
absent;  edentulous,  or  v.'ith  obscure  Schizodont  dentition;  dirnyarian  vAien  youny ; the 
foot  obsolete  or  absent  in  the  adult.  Carboniferous  to  Recent. 
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Ostrea,  Limi.  (Fig.  637).  Shell  irregular,  inequivalve,  and  with  terminal  beaks, 
with  radial  or  foliaceous  sculpture,  usually  discrepant  on  the  two  valves.  Some 


Fig.  637. 

O^trca  (Ufjltalina,  Dubois.  Miocene;  Vienna  Basin. 


species  (0.  virginica,  0.  titan,  0.  gigantea,  etc.)  attain  a very  large  size.  Carboniferous 
to  Recent. 

Alectryonia,  Fischer  (Dendrostrea,  Swains.  ; Actinostreon,  Bayle),  (Fig.  638).  Left 
valve  attached  to  roots  or  branches  liy  clasping  shelly  processes ; both  valves  with 


Fig.  638. 


Alectruo/iia  (iregaria,  Sow. 
^p.  Oxfordian ; Dives, 
Calvados. 


Fig.  639. 


(u'tiphfU'a  circKotK,  Lam. 
Lower  Lias ; Pfuhren,  near 
Donauescliingen,  Baden. 


Fig.  640. 

Gnjjiliaea  vesicuUins,  Lam.  White  Chalk  ; 
Isle  of  Riigen. 


strong,  often  divaricate  folds  and  nndulate  margins.  Trias  to  Eecent ; maximum  in 
Jura  and  Cretaceous. 

Gryphaea,  Lam.  {Pycnodonta,  Fiscli.  ; Gryphaeostrea,  Conr.),  (Figs.  639,  640).  Left 
r ah  e strongly  arched,  with  incurved  beak,  sessile  when  young,  later  free  ; right  valve 
flat  and  opercular.  Lias  to  Tertiary  ; chiefly  Mesozoic. 

Exogyra,  Stij  (Amph'idonfa,  Fischer;  Geratostreon,  Aetostreon,  Ehynchostreon,  Bayle), 
(Figs.  641,  642).  Resembling  Gryphaea,  but  the  valves  more  equal,  hinge  with  an 
obscure  tooth,  beaks  of  both  valves  more  or  less  spiral,  the  pit  for  the  ligament  narrow. 
Upper  Jura  and  Cretaceous. 


374 


MOLLUSCA 


SUB-KINGDOM  VI 


Terquemia,  Tate  (Carpenteria,  Dcsl.)  Sliell  -with  a marginal  ridge,  sessile  by  tlie 
right  valve  ; left  valve  Hatter,  free.  Trias  and  Lias. 


Fin.  on. 


Fio.  042. 


Ernriiini  columhii,  I.am.  Greensand  (Ceno- 
manian) ; licgensburg,  Bavaria. 


Kritjiiiif  pihclliilii,  Goldf.  sp.  Cenomanian;  Saint  Pan! 
Cloi.ster,  Egyjit. 


Family  2.7.  Eligmidae.  Gill. 

Shell  fh.irh,  snh-eqnimive,  free  when  nd  nit,  rescmhlinr/  Chnhnasza  inform,  anteriorlij 
with  tin  ^rrcijiihir  -pejlal  ijope  ; eilentnloim,  monomiiariiin,  'with  the  (idilnctor  seated  on  the 
free  extrenntif  of  a mijophore  projertimj  from  the  urnhonnl  rnvitii,  otherwise  like  the 
Oetreidne.  Upjier  .lui'a. 

Ehiimns,  De.^l.  If  llie  cliaraeters  of  tliis  genus  have  been  correctly  interpreted,  it 
can  hardly  be  retained  in  tlie  Ostreidue.  Further  investigation  of  the  genius  is 
(lesirahle. 

Superfamily  5.  NAIAD  ACE  A.  Menke. 

Shell  of  varied  form,  normalhj  equivalre,  inequilateral,  and  dimyarinn ; rarely 
alate ; shell  sahstanre  nacreous  and  prismatir,  with  a conspirmus  epidermis;  area 
ohscure  or  amphidetir  ; liyarnent  qiarivincular,  usually  opisthodetic  and  external;  pallial 
lohes  usually  free,  except  for  an  anal  siphon,  the  pallial  line  simple;  foot  normally  lony, 
comqiressed,  heeled  ; hyssus  obsolete;  youiuj  usually  with  a distinct  nepionic  staye  ; station 
usually  Jl  ur  tat  lie  or  lacustrine. 

Family  26.  Cardiniidae.  Zittel. 

Shell  equiralve,  dosed,  with  feeble  concentric  sculpture  or  smooth ; dentition  Scliizo- 
dout  or  obscure;  hyameut  opisthodetic,  external ; dimyarian,  adductor  seal's  sub-equal, 
pedal  scars  feeble  or  invisible;  station  marine  or  brackish  water.  Devonian  to  Tri;u«. 

Amiuyema,  Hall.  Devonian  (Cat.skill)  of  North  America,  and  Ilhenish  Prussia. 

Anthracosia,  King  (Fig.  643).  Shell  thin,  oblong  ; hinge  ivith  a blunt  elongated 
cardinal,  and  a feeble  ))Osterior  lateral  tooth  ujion  a thickened  hinge  plate.  Common 
in  the  Coal  Measures  and  estuarine  Permian  of  Pussia. 

Anthracoruya,  S>i\\iov Nayadites,  Daw.^on  ; Asthenodonta,  Whiteaves  ; Carbonicola, 
M‘Coy.  Coal  Measure.s.  Palaeornutela  and  Oliyodon,  Amalitzky.  Brackish  Permian 
marls  of  Pussia. 
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Anoplophora  (Sandb.),  Koeneii  (JJniona,  Pohlig),  (Fig.  644).  Eight  valve  vith  a 
blunt  thick  cardinal  tooth  fitting  into  a socket  in  the  ojiposite  valve.  Left  valve 
beside  the  socket  has  a long  posterior  lateral  tooth.  Trias  (Lettenkohle).  A.  donacina, 
Schloth. ; A.  lettica,  Qnenst. 

Trigonodus,  Sandb.  (Fig.  645).  Cardinal  tooth  strong,  triangular,  sometimes 
divided,  short,  oblique,  anterior  ; two  elongate  laterals  in  the  left  valves,  and  one 


..1 


Fig.  643. 

A,  Anthracosio.  carhono.rid.,  Goldf.  sp. 
Permian ; Niederstaufenbacli,  near  Kusel, 
Rhenish  Bavaria.  B,  A.  Lottneri,  LiuUv. 
sp.  Coal  Measures ; Hannibalzeche,  near 
Bochum,  ^yestphalia  (after  Ludwig). 


Fig.  644. 

Anoplophora  lettica,  Quenst.  sp. 
Trias;  Friedrich  shall  (after 
Alberti). 


A 


Fig.  645. 


Trigonodus  Sandhergeri,  Alberti. 
Trias  (Lettenkohle) ; Zimmern, 
AVurtemberg.  A,  Hinge,  from  a 
reverse  impression  of  cast.  B, 
Xatural  cast.  i/i. 


lateral  in  the  right  valve.  Trias  ; especially  common  in  the  Lettenkohle  dolomite 
and  the  Eaibl  beds. 

Heminajas,  Neuinayr.  Trias.  H.  {Myoplioria)  fissulenfata,  Wohrmann. 
Pachycardia,  Hauer.  Oblong  or  trigonal,  concentrically  striate  or  smooth  ; Ijeaks 
nearly  terminal,  curved,  adjacent,  with  a lunule ; anterior  end  inflated,  blunt  ; 


Fig.  646. 

Cardin  ki  hyhrida,  Sow.  Lower  Lias  ; Ohrsleben,  near  Halberstadt,  Saxony. 


posterior  compressed  ; two  strong  divergent  cardinal  teeth  in  each  valve,  the  anterior 
on  the  right  being  weaker  and  nearly  marginal ; each  valve  has  also  a long  posterior 
lateral  tooth.  Alpine  Trias. 

Cardinia,  Agassiz  {Thalassites,  Quenst.),  (Fig.  646).  Oblong,  thick,  short  anteriorly, 
rounded.  Cardinal  teeth  weak  or  obsolete,  posterior  lateral  strong.  Lower  Lias,  and 
reported  also  from  the  Dogger. 

? Nyassa,  Hall.  Devonian.  ? Guerangeria  (Davousti),  Oehlert.  Lower  Devonian. 
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Family  27.  Megalodontidae.  Zittc-1. 

Shells  cqinmlve,  sHh-Miiltlifonn,  closed,  v:ith  feeble  concentric  sculpture  or  none ; di- 
'(nijannn,  icith  ainjdndctic  area,  and  external  opisthodetic  llijanient,  frcqucntlji  supported 
bii  nijmplate ; cardinal  teeth  stronij,  usually  tiro  or  th  ree,  v'ith  a posterior  lateral,  all 
heavy  and  amorphous ; anterior  add  uctor  scars  distinct,  with  a wcll-marhed  rnyophoric 
■ndye  and  pedal  scar,  the  posterior  adductor  scars  frequently  bordered  by  an  elevated  crest. 
Marine.  Duvoiiiaii  to  ( 'retaccams. 


These  sliells,  wliieli  are  ol'teii  very  pomlerous,  sometimes  hear  a remarkable  re.semblance 
to  some  recent  American  Uniom‘s.  Tlie  niyophoric  ridge  is  common  to  very  distinct  bivalves 
ot  many  unrelated  groiijis.  llie  true  position  of  these  forms  cannot  be  regarded  as  positively 
hxed  as  yet.  ' •' 

Meyalodon,  Sow.  (lauroceras,  Lycod.es,  Scliaih. ; Conchodon,  .Stopp.l,  (Fig.s.  G47- 


047. 

Mniiiluihtn  (htf  lintjtilnifu/i)  r nr  nlhif  na, 

J/,. 


Dovonian  : I’allVatli,  nrar 


.1/ (‘^ahnhm  ( ) 
tritjtirfrr,  Wnlfcii  Hp.  In- 
ternal cast.  Trias  (loloiiiitc ; 
JJlciberg,  (’ariiitliia. 


(!!!)).  Jlcaks  ] u’osogy  rolls  ; hinge  j.late  very  broad  and  mas.sive,  without  laterals;  the 


I-'IG.  (140. 

.\I,  Iinhiilnii  (Hinihili,  Stoi'l’inii-  Uli.ietic  ; Elliigeiialp,  Tyrol  (after  Oiiiiibel). 


two  cardinal  teeth  sejiarated  by  a deej)  socket  ; anterior  adductor  scar  .small,  semilunar, 
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ill  front  of  the  anterior  cardinal ; posterior  scar  longer,  less  distinct,  situated  on  an 
elevated  or  thickened  radial  ridge.  The  oldest  Devonian  species  {M.  cucullatus,  Goldf.) 
has  amorphous  cardinals  and  a smooth  rounded  shell  {Eumegalodon).  The  Triassic 
species  sometimes  attain  a large  size,  have  a radial  posterior  ridge,  smooth  teeth,  and 
divided  right  jiosterior  cardinal  teeth  (Xeomegalodon,  Giimh.)  They  are  extraordinarily 
ahundant  in  the  Dachstein,  Limestone,  and  Hanptdolomite  of  the  Xorthern  Alps,  and 
are  also  plentiful  in  the  Railil  and  Rhaetic  beds  of  the  Sonthern  Alps.^ 

Pachyrisma,  Morr.  and  Lyc.  (Pachymegalodon,  Giimli.)  Like  MegaJodon,  hut  with  a 
larger  anterior  adductor  scar,  a rounded  anterior  tooth  before  the  cardinals,  and  a 
strong  jrosterior  lateral.  Trias  to  Ut^per  Jura. 

Durga,  Buhm.  Like  Pachyrisma,  but  without  an  eleiuated  area  at  the  jiosterior 
adductor.  Lias. 

Protodiceras,  Buhm.  Lias.  Bicerocardiicrn,  Stopjiaui.  Rhaetic. 

Family  28.  Unionidae.  Fleming. 

Shell  eqidvalve,  dimyarian,  typically  Schizodont,  with  pseudocardinct.ls  and  laterals 
if  dentiferous ; conspicuously  nacreous;  heahs  usually  sculptured ; ligament  opnsthodetic, 
external ; lohes  of  the  mantle  united  to  form  an  anal  si2)hon,  but  the  functional  branchial 
siphon  visually  incomplete  below;  foot  compressed,  keeled,  large,  rarely  with  cc  feeble  byssus ; 
usually  dioecious ; the  young  having  a distinct  nepionic  stage  (glochidi urn).  Fluviatile. 
Trias  to  Recent. 

Typical  Uniones  make  their  appearance  in  the  Trias  of  Texas,  but  are  not  abnnJant  until 
the  Cretaceous  and  Tertiary.  Tlie  origin  of  the  family  lias  been  souglit  in  the  Tritjoniidaef 
wliicli  have  a very  similar  ontogeny  as  a group  ; in  Trigonodus  •*  and  related  forms  ; and  by 
Pohlig  in  tlie  Triassic  Unionct.  An  older  view  recognises  the  Carboniferous  Anthracosia  and 
otlier  Cardiniidac  as  probable  ancestors.  The  weight  of  evidence  is  in  favour  of  the  latter, 
thougli  there  is  much  inobability  that  each  of  these  groups  bears  a certain  amount  of  relation- 
ship to  the  inesent  family,  wliich  will  be  better  realised  when  more  evidence  is  obtainable. 

Unio,  Retzius  (Fig.  650).  This,  the  typical  genus,  was  founded  on  the  i)earl 
mussel  {Mya  margaritifera,  Linn.),  in  which  the  posterior  laminae  of  the  hinge  are 

A r, 


Fio.  6o0. 

Viiio  Stanhei,  Xeumayr.  Pliocene  (Congerian  stage);  Sibinj,  Slavonia.  ]).  Adductor;  ,r,  Pedal  .scar. 

obsolete.  The  majority  of  sp)ecies,  however,  have  amorphous,  heavy,  radial,  pseudo- 
cardinal and  lateral  teeth  on  the  hinge  ; the  shell  is  varialile  in  form  and  ornamenta- 
tion, some  s]3ecies  having  strongly  marked  sexual  differences  in  the  .shell.  Most  of 
the  species  are  itearly,  with  a cons2ticuous  brown  or  greenish  iteriostracum ; the 
anterior  adductor  scars  are  high,  and  the  piedal  scars  cons^hcuous. 

J Tcmsch,  L.  von,  Ueber  Couoliodus,  etc.  (Abhamll.  geol.  Reichsan.stalt,  XVII.),  1892. 

" iSeumayr,  AI.,  Ueber  die  Herkunft  der  Unioniden  (Sitzber.  Wien.  Akad.  XCVIIL),  1889. 
Wiihrmann,  S.  von,  Ueber  die  systeniatische  Stellung  der  Trigonidein  imd  die  Abstammung  der 
Nayaden  (Jabrb.  geol.  Reiclisaust.  Bd.  XLIII.),  1893. 
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Anodonta,  Cuv.  Valves  thin,  and  armature  of  the  hinge  obsolete  ; lives  in  still, 
muddy  water.  Tertiary  and  Recent. 

Family  29.  Mutelidae.  Gray. 

Shell  and  anatomy  resernhliny  the  Unionidae,  without  ptieudocardinals  and  laterals; 
haviiuj,  when  dentiferous,  an  'irreyularhj  Taxodont  hinye  armature^  yenerallij  pioetly 
closed  mantle  lobes,  a complete  branchial  septum,  more  complete  siphons,  and  with  a 
nepionic  staye  represented  by  a Lasidiuni,  resulting  in  unscul2Jtured  beaks  for  the  adult 
shell.  Cretaceous  to  Recent. 

Spatha,  Lea.  Liongated,  inequilateral,  with  a .short  edentulous  hinge.  U]>])er 
Cretaceous  of  Provence,  and  Recent  in  South  Africa. 

Leila,  (hay  ; Aplodon  and  riayiodon,  Spix  ; Mycetopus,  d'Orl). ; d/aC/u,  Scopoli  ; 
and  Iridina,  Lam.  Recent. 

Family  30.  Etheriidae.  Lamarck. 

Shell  sessile,  irreyularly  modified  by  adherence  to  other  bodies,  nacreous,  with  a 
tendency  to  cellularity  of  structure;  edentulous;  lifjament  amphidetic,  jiarivincular, 
deeply  sunken,  with  a large  internal  resiHurn,  modified  by  the  distortion  of  the  valves; 
young  regular,  eguivalve,  dim yartan  ; the  adult  irregular,  inequivalve,  and.  either  (1) 
monornyarian,  or  (2)  with  a very  degenerate  anterior  adductor,  or  (3}  with  sub-equal 
adductors.  .Mantle  lobes  united,  only  for  the  anal  siphon;  foot  degenerate  or  absent  in 
the  adult ; young  byssiferous ; station  fiuviatile.  Pleistocene  and  Recent. 

fhe  3’oung  sliell  ot  Jlarllcttia  lias  well-marked  njuiiphae  and  internal  rcsilium.  The 
relationship  oi  the  Naiades  to  1‘lcria  renders  the  remarkable  resemblance  of  the  adult  Mulleria 
to  Osirca  less  sui  prisiiig,  since  Osirca  is  now  known  also  to  be  derived  from  the  Ptcriidae. 

htheria,  Lam.  O.streiiorm,  attached  to  rocks  in  African  rivers.  Also  Pleistocene 
of  V'est  Africa. 

Mulleria,  Ferus.sac  ; Ilartlettia,  Adams.  Recent;  South  American  rivei’s.  » 

Superfamily  6.  TRIGONIACEA.  Broun. 

Shell  equivalve,  inequilateral,  closed,  diniyarian,  not  alate ; shell  substance  nacreous 
and  prismatic  ; hinge  teeth  few,  sub-umbonal,  typically  Schixodont ; area  obscure  or  none; 
ligament  parivincular,  opisthodetic,  e.cternal ; gills  filibrunchiate ; mantle  lobes  usually 
free,  but  modified  on  the  posterior  edges  to  form  functional  sifihons  without  conjunctive 
partitions ; pallial  line  usually  simple;  non -byssiferous,  though  possessing  an  obsolete 
byssal  apqiuratus ; young  icithout  a distinct  neqhonic  stage ; dioecious;  marine. 


Familv  31.  Lyrodesmidae.  L^lrich. 

Shell  with  the  hinge  armature  radiating  fan-like  from  beloir  the  urnbones ; teeth  five 
to  nine ; pallial  line  feebly  sinuate  or  simple.  Silurian. 

Lyrodesrna,  Conr.  {?  Act inodonta,  Phil.)  Shell  oval,  cardinal  border  narrow,  without 
ligamentary  area.  Silurian  ; America  and  Europe. 

Family  32.  Trigoniidae.  Lamarck. 

Shell  u'ith  felo  hinge  teeth  (|),  the  mantle  lobes  wholly  free,  but  so  aqjqilied  to  each  other 
in  life  as  to  form  functional  siphons;  pallial  line  simple.  Devonian  to  Recent. 
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Schizodus,  King  (Fig.  651).  Ovate  or  quadrate,  sinootli ; lateral  teeth  not  fluted  ; 
anterior  adductor  scar  with  a small  radial  buttress.  Aljundant  in  the  Permian. 


Myophoria,  Broun  (Neoschizodus, 
Smooth  or  radially  sculptured, 
radial  ridge  extending  from  the 
downward  to  the  basal  margin  ; 

B 


Fig.  651. 

Schizodus  obscurus,  Sow.  Zechstein;  Nieder- 
rodenbach,  near  Hanau.  A,  Cast,  l/i.  B, 
Hinge,  l/j  (after  King). 


Fig.  652. 

Myophoria  laevigata, 
Alb.  sp.  Scliaumkalk  ; 
R iid  e r s d 0 r f,  n e a r 

Berlin,  i/j. 


Gieh.),  (Figs.  652,  653). 
usually  with  a strong 
umliones  backward  and 
the  sculpture  on  the  areas 
thus  separated  usually  dis- 
crepant. Beaks  mesogyrate, 


.1  B 


Myophoria  decussata,  Jliiiist. 
Upper  Trias;  St.  Cassiaii,  Tyrol. 

A,  Exterior  of  right  valve,  iq. 

B,  Enlarged  view  of  hinge. 


lateral  teeth  fluted,  muscular  scars  buttressed  by  feelile  ridges.  Alnindant  in  the  Trias. 
Sub-genus  : Myophoriopsis,  Wohrmann. 


Pig.  654. 

Trigonia  navis,  Lam.  Lower  Brown  Jura  ; Giin- 
dershofen,  Alsace,  i/j. 


Fig.  650. 

Trigonia  daedala.  Park.  Middle  Cretaoeoins 
(Hervieii);  Meule  de  Bracquegnies,  Belgium,  ’q. 


Trigonia,  Brug.  (Figs.  654-658).  Surface  sculptured  with  nodulose  rilis  or  rows  of 


Pig.  656. 


costata.  Sow. 
Middle  Jura;  Wurteinberg. 


Fig.  657. 

_ Trigonia,  ef.  aliformis.  Park.  Senoniaii ; 
Vaels,  near  Aix-la-Chapelle.  i/j. 


pustules,  the  posterior  dorsal  area  usually  discrepant  with  the 


Fig.  658. 

Trigonia  pectinata, 
Lam.  Recent ; Aus- 
tralia. Hinge,  i/i. 

rest.  Beaks  opistho- 
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gyrous,  nearly  terminal ; teeth  striated  ; adductor  scars  strong,  with  buttressing  ridges. 
Lias  to  Itecent  ; alnindant  in  Jura  and  Cretaceous,  very  spaise  in  later  horizons. 

IV.  IsoDONTA.  Fischer. 

Superfamily  7.  PECTINACEA.  Reeve. 

Hhell  usuaUij  incqaivalve,  fabelliform,  more  or  less  auriculate,  and  monomyarian ; 
shell  si  rad  are  sah- nacreous,  corruyuted,  and  rarely  prismatic,  occasionally  tabular ; area, 
when  present,  arnphidetic  ; liyament  amphidetic,  alivincnlar ; yills  filibranchiate,  free,  the 
filaments  with  or  without  a reflected  limb ; mantle  lobes  free,  without  siphons,  usually  ^cifh 
ocelli,  papillae,  or  other  tactile  prominences  alony  the  margin,  and  with  an  inner  pro- 
jecting lamina  (curtain)  near  the  margin,  at  right  angles  to  the  plane  of  the  valves ; palliul 
line  simple;  foot  small,  usually  subwylindrical,  grooved,  and  byssiferous ; usually  mono- 
ecious; marine. 

Family  33.  Pectinidae.  Lamarck. 

iihell  iu&piicalce,  incguilateral,  auriculate,  usually  closed,  monomyarian,  usually 
free;  area  amphidetic  or  ob.se are ; ligament  obsolete  externally,  the  immersed  portion 

forming  an  internal  rcsilium,  provinculurn  Taxodont  in  the 
very  young,  obsolete  later,  the  crural  teeth  feeble  or  not  developed. 
Silurian  to  Recent. 

Aricnlajiecten,  i\I‘Coy  (Fig.  6, ")!)).  Sliell  Pectiniforni, 

radially  scnljitured.  Hinge  margin  long,  feebly  auriculate  ; 
ligament  in  numerous  shallow  grooves  ladiating  to  the 
amphidetic  margin  of  the  area.  Silurian  to  Carboniferous. 

Sub-gciiera  : rterineopcctcn,  Hall  ; Orhipccten,  Freeh  (Lyriv- 
Kii:.  O.")'.!.  pcc/c/i,  Hall;.  Devonian. 

ArldiilojHi-ti  n popf/rorcKS,  Sow. 

Coaj  .Measures ; Wercien,  West-  Crenijicctcn , Hall  (Pcrnojiecten,  Winch.)  Like  Aviculo- 

pecten,  but  with  a Taxodont  hinge.  Carbon iferou.s. 

The  preceding  genera  lead  up  to  the  prototyiies  of  rteriidac  a.s  a radical  for  the  present 
liunily. 

Pecten,  Miiller  (Vola,  Morch  ; Janira,  Sclmm.  ; Xeithea,  Droult),  (Fig.  060).  Shell 
nearly  eipiilateral,  very  in- 
eijuivalve,  sub  - symmetrical, 
with  well-deV(do]ied,  sub-eipial 
cai-s ; one  valve  (usually  the 
right)  more  convex  than  the 
other;  interior  of  the  valves 
not  lirate  ; hinge  w itli  a strong 
medial  internal  resilium,  tin 
each  siile  of  Mhich  interlock- 
ing crural  ridges  aiul  gi-ooves 
radiate  in  the  adult  ; bv.Asal 
notch  inconsjiicuous.  Cretace- 
ous to  Retcnt. 

The  above  diagnosis  is  of  the  Fio.  UOO. 

sub-genus  J^ccten  s.  s.  In  a wide  Pecten  fjinnoKccostato,  8ow. 
sense  all  the  species  of  Pcctcn  are  Cenonmnian  ; Koueii.  Vj. 
free  and  auriculate,  and  without 
internal  lirae.  Thej-  have  been  divitled  into  an  exces.sive  lunuber  of  sections  according  to 
the  superficial  shell  characters,  but  these  rarely  inarch  with  anatomical  differences,  and 


Fio.  601. 

J Wtc n ( Ch lo 111 //«)  su htertori  ns, 
Goldf.  Coral-Hag ; Xatthei»i. 
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cannot  properly  be  regarded  as  of  generic  value.  The  most  familiar  of  the  groups  thus 
named  are  as  follows  : — 

Chlaviys,  Bolten  {Pallium,  Schum.  ; Decadopectcn,  Riipp. ),  (Figs.  661,  662).  Shell 


Fig.  662. 

Pecteii  (Cltlamys)  varhis,  Linn. 
Pliocene ; Rhodes. 


Pectcn  (Camptonectes)  lens. 
Sow.  Middle  Jura  ; Balin, 
near  Cracow,  i/j. 


Fig.  064. 

P.  (EntoUmn) 
cornutiis,  Quenst. 
Upper  Jura ; Ho- 
lienzollern.  i/j. 


radially  sculptured,  nearly  equivalve,  with  sriiall,  unequal  ears,  and  deep  byssal  notch  with 
well-developed  ctenolium.  Trias  to  Recent. 

Camptonectes,  Ag.  (Fig.  663).  Shell  small,  thin,  nearly  smooth,  with  fine  divergent 
striation  radiating  from  a median  line.  Jura  to  Recent. 

Entolium,  Meek  (Fig.  664).  Smooth,  thin,  with  sub-equal  ears  diverging  at  a sharp  angle 
above  the  beaks  ; byssal  notch  obsolete.  Carboniferous  to  Cretaceous. 

Pseudamusium,  Adams.  Shell  small,  thin,  glassy  ; the  posterior  ear  obsolete,  byssal  notch 
distinct.  Cretaceous  to  Recent.  Syncyclonema,  IMeek  is  scarcely  ditferent. 


Amusium,  Sclmm.  (Fig.  665).  Shell  with  raised  radial  riblets  internally;  externally 
smooth  or  delicately  sculptured  ; valves  large,  llattish,  with  sub-equal  ears  ; byssal  notch 
inconspicuoiLS  or  absent.  Lias  to  Recent. 

Sub-genus  : Propcamusium,  Greg.  Small,  thin,  abyssal  ; often  with  relatively  conspicuous 
sculpture,  usually  discrepant  on  the  valves.  Tertiary  and  Recent. 

Himiites,  Defr.  (Fig.  666).  Shell  free  and  Pectiniform  when  young,  later  adherent 
to  other  objects  and  more  or  less  distorted.  Trias  to  Recent. 

Pedum,  Brug.  Shell  with  an  alivincular  ligament  in  an  open  groove  and  area  like 
that  of  S-pondylus  in  the  adult ; the  young  like  Ghlamys.  Recent  ; sessile  in  corals. 


Family  34.  Spondylidae.  Fleming. 

Shell  inequivalve,  nearly  equilateral,  dosed,  Pediniform,  obscurely  auriculate,  mono- 
rayarian;  sessile;  area  amphidetic,  much  larger  on  the  attached,  valve;  ligament  alivincular, 
resilium  more  or  less  submerged;  byssus  obsolete;  hinge  with  a Taxodont  provinculum. 


382 


MOLLUSCA 


HUB-KINGDOM  VI 


bccominfi  ohsoh'te  in 


the  adult  and  replaced  Inj  the  typically  Tsodont  development  of  the 
crura;  otherwise  as  in  the  Pectinidae.  Triiis  to  Remit. 


Plicatula,  Lam.  {Harpax,  Park),  (Fig.  G67). 
Sliell  comj)reH.sed,  witli  coarse  radial,  often  divari- 
cate ril)t)ing,  a small  area,  and  long  shallow  crennlate 
crural  teeth,  diverging  at  a sharj)  angle.  Trias  to 
Recent ; maximum  in  Jura  and  C'retaceou.s. 

Sjiundylus,  Linn,  (h'igs.  G68,  GG!)).  Sliell  in- 
flated, with  radial,  often  spiny  or  foliaceous  .sculp- 


Fi<i. 

I’liattnht  pn-ti noith’n,  Lam.  MitMle 
l.ias ; Nancy,  France. 


Fk;.  ♦)08. 

Sjminiifhis  Sf)W.  sp.  Plalior* 

kalk  ; iStivlilen,  nnar  Drcstlcn.  -/a* 


Fig.  Oi’iO. 

Sjioinlifhis  knui.ynno,  Sandh.  oligocene  : WaMbuckellieiin,  near 
Kreuznacb.  Prussia, 


ture  ; attache<l  valve  with  a conspicuous  area  ; crural  teeth  heavy,  short,  smooth. 
.Jura  to  lieceiit  ; maximum  from  the  Tertiary  onward. 

I Pachyptena^  de  Koii.  ( 'arhouifei'(jus.  P.  nohilissima,  de  Kon. 


Family  35.  Dimyidae.  Dali. 


Shell  nicyuiralrc,  irreyular,  closed,  auricles  not  differentiated,  Ostreiforin,  dimyarian, 


sessile;  shell  suhstance  suh-nacreous  and 
Jihrons  : area  antjdtidetic,  ohscure ; liya- 
inenl  ohsidete,  restliinn  a lici ncular,  in- 
ternal : hinye  n rinal  u re  Taxadont,  obsolete ; 
crural  ilerelojinienl  feeble;  yills  fili- 
bra nehiate,  the  inner  direct  filaments 
wanliny,  the  outer  not  reflected;  foot 
ami  byssus  absent;  anterior  adductor 
distinct,  small ; posterior  duplex,  laryer. 
Trias  to  Recent. 


Dimtiri  Deslwjiesintw,  l{ou.ault.  Eocene ; I’yrenee*. 
Inner  ami  outer  views  of  right  valve,  % (after  Houaull). 


Jtiinyu,  Rouault 
deep  water. 


(I)iniyodon,  iluii.  Chaim.),  (Fig.  G70;.  The  recent  form  inhabits 
Family  3G.  Limidae.  <rOrbigny. 


Shell  cqnivalce,  auriculate,  yapiny,  Pectiniforrn,  rnonomyariaii ; shell  substance 
fibrous,  with  minute  tubules,  not  nacreous  or  qmsrnatic ; hinye  edentulous,  or  with  traces 
of  Taxodoiit  armature ; area  arnphidetic,  equal  in  both  valves;  liyarnent  alivincular, 
resilium  sub-internal ; yills  filib  ranch  kite,  with  direct  and  reflected  limbs;  foot  small 
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digitiform,  usualhj  byssiferous,  the  hyssus  passing  through  the  gape  of  the  valves. 
Carboniferous  to  Eecent. 


Lima,  Briig.  Shell  inflated,  with  radial  scnljDtnre ; beaks  pointed,  and  separated 
by  a lozenge -shaped  area  ; edentnlons.  Carboniferous  to  Eecent 
niaximnm  in  Mesozoic  (over  300 
species). 

Sub -genera:  Lima  s.  s.  (Itadula, 
auct.  non  Gray),  (Fig.  671).  Shell  witli 
strong  radial  ribs. 


Fig.  073. 

Lirm  (Limatula) 
gihbosa,  Sow. 
Lower  Oolite; 
Bayeux,  Cal  ratios. 


Fig.  671, 


Lima  pectinoidcs,  Sow. 
Lower  Lias  ; Balingen,  Wur- 
temberg.  i/j. 


Fig.  672. 

Lima  (Plagiostoma)  gigantea, 
Goppingen,  Wurtemberg.  ~/-j. 


Sow.  Lower  Lias ; 


Fig.  67L 

Lhnaea  dupUcata, 
G 0 1 fl  f . Great 

Oolite  ; Laiigrune, 
Normandy. 


Plagiostoma,  Sow.  (Fig.  672).  Smooth  or  finely  striated. 

Limatula,  Wood  (Fig.  673).  Medially  ribbed,  laterally  smooth,  valves  not  gaping. 


Fig.  075. 

Ctenostreon  proboscidea,  Sow.  Oxfordian  ; Dives,  Calvados. 


Limaea,  Bronn  (Fig.  674).  Small,  with  Taxodont  armature  at  the  angles  of  the 
hinge.  Lias  and  Eecent. 

Ctenostreon,  Eichw.  (Fig.  675).  Compressed,  irregular,  thick -shelled,  with  coarse 
radial  ribs.  Upper  Jura. 
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Superfamily  8.  ANOMIACEA.  Herrmannsen. 

Shell  motioriujarmn,  not  alate ; edentulous  or  Isodont,  usually  sessile;  shell  substance 
nacreous,  tuhuliferous,  v:ith.  traces  of  a prisrnatic  layer;  area  obscure,  usually  small, 
amphidefic  ; iiyamenf  obscure,  with  an  alivincular  internal  resilium  ; yills  Jilibranrhiate, 
'mantle  lobes  free ; foot  small,  grooved,  diyitiform  ; dioecious ; 'marine. 

Family  37.  Anomiidae.  (4my. 

Shell  variable,  irregular  and  incquivalre  when  sessile,  byssiferous  when  young;  in 
most  geneta  the  byssus  becomes  modified  to  a calcified  or  horny  qilutj  passiiuj  through  a 
fotanien  in  the  attached  valve,  and  fastened  to  cAhcr  objects,  a condition  which  may  be 
jH'i  nianent  or  transient ; area  small,  arnphidetic ; ligament  amphidetic,  more  or  less 
internal,  supplemented  by  an  internal  resilium,  for  which  the  crura  serve  as  chondrophores, 
ali-  or  rnultivinciilur ; hinge  usually  edentulous,  rarely  rugose,  with  amorphous  inter- 
loching  rugosities ; posterior  adductor  small,  sub-central,  in  the  sessile  forms  reinforced  by 
the  pedo-byssal  muscles,  which  are  modified  for  service  as  adductors.  '!  Devonian.  Jura 
to  Kecent. 

Atiomia,  Miill.  Sliell  tliin,  se.s.sile  liy  the  ealeitied  liyssii.'^  pas.'^ing  tliroiigli  a sinius 
or  perforation  in  tlie  right  valve,  coni'orniing  to  the  suhjaceiit  .surface  ; the  left  valve 

more  com  ex,  with  Ibui'  muscular  .seals  on 
a central  area ; a chomlrophore  in  the 
lower  valve.  Jura  to  Kecent. 

I Lima  nomia,  Kouch.  Devonian. 
Jfypot remit,  d’Orh.  Jura  and  Cretaceous. 
Placunanomia,  Brod.  Miocene  to  Kecent. 

Carolia,  Cant.  (Fig.  G76).  Shell 
orhicular,  comjires.sed,  radially  striated; 
light  vahe  with  a hys.sal  foramen  nearly 
clo.sed  in  the  adult  ; resilium  much  a.s  in 
Anoniiu ; adductor  scar  single.  Eocene; 
^^nyi't- 

Suh-genus  : irakuUina,  Dali.  Smooth  ; 

hyssal  foramen  oh.soletc  ; the  resilium  received 
on  diverging  crura  in  the  ujiper  valve.  Oligo- 
cene  ; Florida. 

Placenta,  Kef /.ills  (Placuna,  Brug. ; 
Placu.nema,  Stoh;  Pseudoplacuna,  Mayer). 
Shell  free,  orhicular,  thin,  very  coni2)re.s.sed  ; 
the  resilium  with  long,  unequal  crura. 
Tertiary  and  Kecent. 

Ephippium,  Bolten.  Like  Placenta, 
liut  the  shell  radially  waved  ; young  with  a small  hys.sal  ])erforation,  which  becomes 
closed  and  obsolete  in  the  adult.  Tertiary  and  Kecent. 

Plarunopsis,  IMorr.  and  Lyc.  Shell  rounded,  imperforate,  free,  or  .sesssile.  Jura. 

Haniplicatula,  T)oAi.  (Scniijilinifula,  Fiscli.);  Suintia,  Kainc.  Eocene.  Paranomia, 
Conrad.  Kijiley  Crouj).  Mouia,  Gray.  IVliocene ; California. 

y'.  Dysodont.v.  Xeumavr  (emend.) 

Superfamily  9.  MYTILACEA.  Ferussac. 

Shell  anisomyarian,  usually  equ.ivalve,  not  alate  or  notched  for  a byssus,  edentulous 
or  1 tysodont ; shell  substa nee  sub-nacreous,  rarely  more  or  less  prismatic,  with  a conspicu- 


Fn;.  070. 

('urtilio  iiUii'unouka,  Cantr.  Eocene;  Wadi  el  Till, 
near  ('airo,  Ei^ypt.  Interior  of  both  valves,  -/a. 
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om  epidermis ; area  amphidetic  or  obscure ; ligament  parivincular,  usually  opisthodctic 
and  external ; gills  usually  fihbranchiate ; mantle  lobes  without  ocelli,  more  or  less  free, 
generally  with  the  anal  siphon  complete  and  the  branchial  incomplete;  foot  small,  digiti- 
form,  grooved,  hyssiferous  ; monoecious ; mostly  marine. 


Family  38.  Modiolopsidae.  FEclier  (eineml.) 

Shell  Modioliform,  usually  eqmvalve,  free,  thin,  ivith  sub-eepial  adductor  scars; 
ligament  deep-seated;  hinge  edentulous  or  Dysodont ; sometimes  hyssiferous.  Silurian  to 
Cretaceous. 

The  heavier  forms  show  an  obtuse  ridge  or  two  extending  from  the  beaks  toward  the  basal 
margin.  The  2)edal  soars  are  separate  from  and  behind  the  anterior  adductors.  The  forms 
included  here  appear  to  be 
the  prototypes  of  the  My- 
tilidae,  from  wliich  they 
differ  chiefly  in  those  char- 
acters that  are  common  to 
most  of  the  ancient  types, 
such  as  the  sub-equality  of 
the  adductor  scars  and  their 
more,  dorsal  situation.  The 
recent  Idas  is  very  similar. 

Modiolopsis,  Hall  (Fig. 

677) .  Valves  elongate- 
oval,  closed,  with  nearly 
terminal  beaks,  narrow 
hinge  jhate,  and  edentul- 
ous hinge.  ? Ordovician  ; 

Silurian. 

Modiomorpha.,  Hall. 

Similar,  but  with  a wider 
hinge  plate,  and  single, 
oblique,  elongate,  j^osterior 
ridge  - like  tooth.  De- 
vonian. 

Myoconclia,  Sow.  (Fig. 

678) .  Hinge  usually  with  an  elongate  cardinal,  and  a long,  weak,  lateral  tooth  in  the 

right  valve;  otherwise  resembling  Modiolopsis.  Carboniferous 
to  Cretaceous. 

? Hippopodium,  Sow.  Thick,  inflated,  ovate,  concentric- 
ally waved.  Hinge  with  a long,  blunt,  oblique,  cardinal 
tooth,  or  edentulous;  adductor  .scars  strong.  Jura. 

Modiolodon,  IVhiteavesia,  Eurymya,  Aristella,  and  Prolo- 
L' Iricli ; Goniophora,  Phillip.s.  Silurian  and  Devonian. 


Fig.  077. 

^lodiolopsis  modioJaris, 
Coiir.  sp.  Oi-ilovician  ; Cin- 
cinnati, Oliio.  l/x. 


Fig.  67s. 

Mjinconclia  strkitula,  Goldf. 
Oolite  ; Bayeux.  Calvados,  i/j. 


Lower 


Family  39.  Mytilidae. 


Fleming. 


Fig.  079. 

Mytilus suhlaeviSy  Sow.  Great 
polite ; Minchinhamptoii,  En<j- 
laiid.  i/j.  ^ ° 


Shell  eepdvalve,  very  inequilateral,  heteromyarian,  slightly 
gaping,  typically  Dysodont ; area  amphidetic  or  none ; ligament 
usually  external,  deep-seated ; rarely  with  an  alivincular 
internal  resilium;  pallial  line  simple;  mantle  lobes  united 
below  the  anal  siphon,  otherwise  free ; generally  hyssiferous. 
Devonian  to  Recent. 


Mytilus,  Linn.  (Fig.  679).  Shell  elongated,  thin,  with 
erminal  pointed  beaks ; valves  wider  and  rounded  behind,  gaping  a little  for  the 
VOL.  I o 
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Ijyssus,  smooth  or  radially  sculptured,  with  smooth  margins,  conspicuous  epidermis, 
and  a thin  nacreous  layer  ; hinge  with  a few  small  teeth  under  the  beaks,  or  edentulous. 
I’lias  to  I’ecent. 


Pachynujtilns,  Zitt.  (Fig.  680).  Shell  thick,  trigonal;  tlie  front  margin  deeply 
impressed.  U]i])er  .Iiira. 

Modiolu,  Lam.  (I'igs.  681,  682).  Like  d/i/O/as,  Vmt  the  l)eaks  not  terminal,  an- 
teriorly rounded  and  wider.  Devonian  to  Keeent. 

Sub  - genera  : Modiularia,  Loveii.  Small,  radially 


l-'ici.  O.sO. 

I'arhi/uii/tihni  4[‘()rb.  Coral- 

t!:i,u  ; Coulaii^'e-sm'-Voiiiie. 


r.si. 


Moiliohi.  o.'ipcrOf 
Sow.  Great 
Oolite;  l.an- 
;;  r ii  n e,  C a 1- 
vailos.  l/j. 


Fic.  tlse. 

MoiNtitii  iHihrin' 
Sow.  MiiMleJui 
Baliii,  nearCraeo 
Au.stria.  l/j. 


sculptured  toward  the  ends,  usually  smooth  toward  the  middle,  Modioliform.  Tertiary  and 
Recent. 

CrcacUu,  brown.  Small,  rounded,  radially  sculptured  all  over.  Tertiary  and  Recent. 


Htnvrlid,  dray.  Recent,  ^’alves  s])irally  twisted. 

Lifhojiluu/ii.-!,  .Meg.  (Lifliododii's,  Cuv.),  ("Fig.  683).  Sub-cylindrical,  with  rouniled 
ends;  perlorating  eoial  limestones  and  other  stdistance.s,  in  which  the  animal  forms 
tlask-shaped  excavations  ; casts  of  the  latter  are  often  fotind  in  the  fo.ssil  state,  dar- 
b(Jiiiferous  to  Recent. 


I'amily  40.  Dreissensiidae.  (hay. 

Shell  Miitiliform,  etjin'ealre,  of  jirerallinfili/  pri-iiiKitic  niihdonce  ; area  linear,  avijihi- 
ile.tic  : Itijaraeiif,  sKh-intcnia! ; anterior  addnetor  and  pedal  protractors  inserted  on  a 
inilophorLc  sej)tnin.  : 'mantle  lohes  united,  to  form  anal  ami  bronchial  siphons,  and  also 
rentrallif  with  a pedal  openimj ; pallial  line  nsnallij  simple;  ;plls  reticulate;  otherwise 
as  in  Miitilns.  Tertiary  to  Recent. 

Itreissensia,  Van  ben.  {Tichoponia,  Ro.ssm.),  (Fig.  684).  Smooth,  without  a pearly 
layer,  with  a single  a]>ical  sejitum  ; Iluviatile  and  estuarine.  Eocene 
to  Recent  ; Euiojie. 

Mijtdopsi.s,  dour.  .Mytilifonii,  small,  thin  ; ^lyojihore  for  the 
jieihd  juotractor  distinct  from  that  which  suj)ports  the  anterior 
adductoi-.  Tertiary  and  Recent ; Aniei’ica. 

Comjeria,  Rartsch  (Fig.  685).  .Sub  - ipiadrate,  heavy,  large; 
myophores  as  in  Mytilopsis.  Very  ju-ofuse  in  tin?  Neocene  of  Eastern 
Eunjpe. 

Drcissensiomija , Fuchs.  Notable  for  being  the  only  exani]de  of 
the  MijUlacea  with  a distinct  ])allial  sinu.s.  Miocene;  Eastern  Flurope. 

Sejdifei;  Recluz.  Valves  with  strong  radial  or  divaricate  sculpture.  Marine. 
Tertiarv  and  Recent. 


Fic.  CS4. 

1) relsse nsla  HmrOx,  ' 
F'aiijas.  Mioc<*ne:‘ 
WeisscMiau,  near 
Mayenee.  Vi* 
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The  recent  families,  Prasinidae  and  Modiolarddae,  if  tlieir  validity  be  conlirmed, 


Fig.  6S5. 

Congeria  suhglohosa,  Partsch  sp.  Upper  Miocene  ; Iiizeredorf,  near  Vienna. 


may  find  a place  in  this  vicinity.  Prasina  and  Berthelinia  are  reported  from  the 
Tertiary. 


Order  2.  ANOMALODESMACEA.  Dali. 

Superfamily  1.  ANATINACEA.  Dali. 

Anomalodesmacea  ivitli  Y-shaped  reticulate  gills  not  secreting  a calcareous  tube  exterior 
to  the  shell. 

_ This  group  is  divisible  into  sections  as  follows  :—{a)  Eiisiphoida,  with  long  siplions  and 
tne  lithodesma,  when  present,  at  the  anterior  end  of  the  internal  resilium,  and  external  to 
the  mass  oi  the  resilium  ; and  (h)  Adelosiphonia,  with  short  siphons,  the  lithodesma  dividino- 
the  mass  of  the  resilium  mesially.  ° 


Section  A.  Eusiphonia. 


Family  1.  Pleuromyacidae.  Zittel. 

Shell  slightly  inequivalve,  hinge  ivith  an  obscure  projection  or  edentulous,  the  cardinal 
border  of  one  valve  covering  that  of  the  other  valve,  ichich  is  supplemented  by  a sort  of 
laminar  nymph,  the  ligament  sub -internal  betiveen 
them;  area  inconstant  or  obscure;  pallial  sinus 
present;  valves  closed  or  slightly  gaping.  Trias  to 
Lower  Cretaceous. 

Pleuromya,  Ag.  (Myacites,  anct,),  (Fig.s.  686,  687). 

Posterior  side  longer,  some\vhat  gaping,  hinge 
margin  witli  a thin  horizontal  lamina  in  each  valve, 
the  left  inferior,  the  margin  with  a feelde  notch 
behind  the  lamina ; ligament  parivincnlar.  Trias 
to  Lower  Cretaceous  ; ahimdant,  hut  seldom  well 
preserved. 

Gresslya,  Ag.  (Fig.  688).  Like  Pleuromya,  but 
the  right  lunge  margin  projecting  over  the  left, 


Fig.  6Si5. 

.~  ^ ^ ^ ---  1 t'?e«i'om,)/r(pm'i7cinc,(rorb.  Upper Jm-a; 

anierior  side  short,  wide ; ligament  parivincnlar,  ciiorostkuw,  near  Jioscow. 

almost  intprnnl  nt+ncUcd  fr,  on  1.  Cast,  1/j.  A,  Hinge. 


almost  internal,  attached  to  an  internal  nymph 
like  callosity  in  the  right  valve,  which  appears  as  a groove  on  internal  casts 
in  the  Jura,  especially  in  the  Lias. 


A,  [iitenial 


Abundant 
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Ceromya,  Ag.  (Fig.  G8D). 


Cordate,  inflated,  with  rather  anterior,  ])ro.«ogyrous 
l)eaks;  liinge  margin  of  the  right  valve 
.siij)erior,  edentulous,  hut  M'ith  a hlunt 


Kio.  (\b7 


tenuifitrioto, 
A‘^.  Mitidle  Jura,  Za- 
jaczki,  Poland.  J/j. 


08S. 


h'f  t rost  I'is, 
A<:.  I.owt'j-  Oolite; 
Tamiie,  Sartlio.  i/j. 


Kiu.  GS‘J. 

Ccromi/<>,  cf.  .Ifdc/JsiV,  Quenst. 
tingeii,  Lorniine.  Hinge,  i/o. 


MitldleJura;  Kneut* 


elongated  jn'Oce-S-s  in  front  of  an  internal  callosity.  Chiefly  occurring  as  ca.sts.  Jura. 


Family  2.  Pholadellidae.  ^filler  (emend.) 


Shclh  ohovate,  uauaUii  attenuated  hekind  and  sUyhthj  (lapiiuj,  hiiuje  rnarijm  tlnn, 
edentuloiix,  liyament  parivincalar,  external ; jio.4e.rior  addnrtor  Kcar  lar<je.  Palaeozoic. 

AUorisina,  King.  Elongafe,  arenate,  the  ]>allial  line  sinuated,  anferior  side 
shorter,  sonietime.s  with  a lunnle  ; sculpture  strongest  mesially.  Carhoniferous  and 
Permian. 

Rhyti^nija,  Clrich.  Elongate,  suh-(piadrate,  concentrically  waved,  the  waves 
stronger  anteriorly  ; sculjitnred  on  the  ])osterior  half  with 
radiating  series  of  granules  ; lunule  vei-y  nai  row.  Silurian. 
Jdioladella,  Hall  ; Ciinitaria,  Hall.  Devonian. 


Kn;.  ildO. 


Family  3.  Pholadomyacidae.  Gray. 

Shell  mdislanrc  narreoa.'i  and  cell uln-erii.4alline  ; (jills  com- 
jdetely  nnited  hihind^  forming  a aeptuni  Moiv  the  anal 


I’hoUnlomyd  Mu  rrhisftn  I, 
Sow.  Midtile  Jura;  I’iez- 
cliiiow,  Polainl. 


Ki<i.  Old. 

PhoJfifloi/iyd  thlfoiilra,  Ag. 
Middle  Jura;  England, 


Fig.  C(»2. 

J'holfttlomifo  Piisrhi,  Goldf.  Oligocene ;. 
Tdlz,  Bavaria.  %. 


charnher ; foot  small,  irith  an  opisthopfjdiv.rn  ; siphons  loiuf,  united  to  their  tips,  not' 
v'holhi  retractile,  naked;  ventral  commissure  of  the  mantle  with  a pedal  and  an  opistho-' 
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podial  foramen.  Shell  thin,  equivalve,  gaping,  edentulous,  or  luith  an  obscure  suh- 
umhonal  tubercle;  ligament,  and  resilium  external,  opisthodetic,  seated,  on  nymphae ; 
area  obsolete  or  obscure,  not  amphidetic ; hectics  entire;  pallicd  sinus  loell  marked; 
marine.  Trias  to  Recent. 

Pholadomya,  Soiv.  (Figs.  690-692).  Sliell  tliiii,  sub-ovate,  ivitli  radial  and  con- 
centric sculpture,  inflated,  and  with  rather  prominent  beaks ; hinge  edentulous,  or 
with  an  obscure  thickening ; scars  feeble,  pallial  sinus  moderately  deep.  In  the 


Fig.  693. 

Goniomya  Duloisi,  Ag.  Inferior  Oolite  ; Bayeux, 

Calvados.  A,  Sliell,  B,  Surface  showing  Homomya  (Arcomya)  calceiformis,  Ag.  Inferior 

pimctations,  magnified.  Oolite  ; Les  Moutieux,  near  Bayeux,  Calvados,  -/a- 

posterior  dorsal  region  the  radial  sculpture  is  usually  feelde  or  absent.  Lower  Lias  to 
Recent ; formerly  very  aljiindant,  Init  now  represented  liy  ljut  a single  species  from 
the  Antilles. 

Procar  diet.  Meek.  Includes  those  forms  with  an  escutcheon.  Jura. 

Goniomya,  Ag.  (Fig.  693).  With  V-shaped  sculpture.  Lias  to  Cretaceous  ; very 
plentiful  in  Middle  and  Upper  Jura. 

PLomomya,  Ag.  (Arcomya,  Myopsis,  Ag.  p.p.),  (Fig.  694).  Distinguished  from  the 
typical  Pholadomyas  by  its  smooth  or  very  finely  sculptured  shell,  witliout  ribs. 
Trias  to  Cretaceous. 

(?)  Machomya,  Plectomya,  Loriol ; Mactromya,  Ag.  Jura  and  Cretaceous. 


Family  4.  Anatinidae.  Dali. 

Soft  parts  like  Pholadomyct,  the  foot  small  and  grooved,  ventral  foramina,  small,  and 
the  siphons  ivith  a horny  integument,  not  entirely  retractile.  Shell  sub-equivalve,  truncate, 
or  gaping  behind,  edentulous,  the  resilium  internal  between 
two  spoon-like  chonclrophores  vertically  directed  and  often 
supported  by  buttresses  ; ligament  obsolete  or  absent ; area 
obsolete ; beaks  transversely  fissured  ; pallial  sinus  well 
marked;  monoecious ; marine.  Jura  to  Recent. 

Anatince,  Lain.  {Platymya,  Gercomya,  Ag. ; Plicomya, 

StoL),  (Fig.  695).  Shell  thin,  nearly  equivalve,  con-  prodmta,  Zittei.  Upper 

centrically  but  feebly  sculptured,  posterior  side  shorter  Cretaceous  ; Gosau  Valley,  Austria, 
than  the  anterior.  Jura  to  Recent. 

Periplomya,  Anatimya,  Conrad  ; Phynchomya,  Agassiz.  Cretaceous. 


Family  5.  Periplomidae.  Dali. 

Shell  sub-nacreous,  conspicuously  inequivedve,  nearly  closed,  edentulous ; the  resilium 
interned,  between  hvo  anteriorly  or  vertically  directed,  chonclrophores,  often  buttressed,  the 
lithodesma  rarely  wanting;  ligament  and  area  absent;  beaks  fissured ; pcdlial  sinus 
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hroad  and  xhalloic ; sijdions  separated  to  their  bases,  naked  and  vholbj  retractile;  mono- 
ecious; marine.  Tertiary  and  lieceiit. 

Periplorna,  Scliiun.  Sliell  oval  or  roriiided,  sinootli  or  with  faint  concentric  sti'iae  ; 
lithodesnia  present.  Tertiary  and  Eecent. 

Cvchlodesrna,  Couth.  Buttre,s.s  of  the  cliondrophore  po.sterioi-ly  directed;  no  litho- 
desina.  Pliocene  and  Eecent. 

Bontaea,  Leacli  {Liyulu,  p.p.  Mont.) ; Tijleria,  Adams.  Eecent. 


Family  G.  Thraciidae.  Dali. 


Shell  earthy  and  ccllulo-crystalline,  not  nacreous;  inequivalre,  thin,  edentulous,  often 

with  a (jranular  surface;  liyurnent  and  resilium 
chiefly  c.rternal,  opisthodetic,  qiurivincular,  seated 
on  posteriorly  directed  nymphae ; area  absent, 
beaks  usually  entire;  valves  nearly  closed,  with 
pallial  sinus;  mantle  openinys  small;  siphons 
lony,  separated  to  their  tips,  naked ; monoecious  ; 
marine.  .Jni-a  to  Eecent. 

Thracia,  Leach  (Corirnya,  Ag.),  (Fig.  696). 
Shell  smooth  or  concentrically  striated,  with 
granular  surface,  n.siially  inoi-e  oi'  le.ss  i-o.sti-ate. 
Trias  to  Eecent. 

Cyathodonta,  Coni-.  Shell  with  oldicpie  or 
angular  waves  of  sculjiture,  otherwise  like  the 
preceding.  Tertiar-y  and  Eecent. 

Bushia,  Dali  ; Asthenothaerus,  Carpenter.  Eecent. 


Kl(i.  U9ij. 


rhrccia  inrertn^  A}'.  Upper  Jura  ; J’nmtrut, 
Switzerland,  i/i. 


Family  7.  Myochamidae.  Dali. 

Shell  very  inequi valve,  free  or  .se.ssile,  .solid,  sub-nacreous,  edentulous,  the  dorsal 
maryins  of  one  valve  overlapqnny  those  of  the  other,  which  Jit  into  corresqmndiny  depres- 
sions in  the  shell  wall;  liyarnent  amqihidetic,  esiernal  or  absent;  resilium  internal, 
alivinculur  ; area  arnjihidetic  or  obsolete,  a false  area  formed  on  each  side  of  the  beaks  by 
the  flattened  cardinal  maryin  of  the  valves;  shell  closed ; piallial  sinus  .small.  Tertiary 
and  Eecent. 

The  gills  and  sijihons  of  Myocharna,  Stutchhnry,  which  lives  .ses.sile  on  shells,  are 
more  like  those  of  Thracia  than  of  the  Pandoridac,  nith  which  it  lia.s  usrially  been 
associated.  The  anatomy  of  Myodora  is  nnknown.  Its  minute  area  cnrioitsly  recalls 
that  of  Spondylu.%  and  it  is  free. 

Section  B.  Adelosiphonia. 

Family  8.  Pandoridae.  Cray. 

Shell  conipres.scd,  inequivalve,  free,  .solid,  with  nacreous  and  qirismatic  layers;  the 
dorsal  cdyes  of  the  valves  overlappiny,  but  not  .socketed,  ivith  dentiform  crural  ridyes  on 
either  side  of  the  resilium,  but  no  true  teeth;  liyarnent  arnqdiidetic,  external,  obsolete; 
resilium  internal,  opisthodetic,  usually  reinfejrced  on  its  anterior  surface  by  a 'mesial 
clonyate  lithodesrna  ; area  none;  valves  closed,  beaks  entire,  piallial  line  si'mple ; marine. 
Cretaceous  to  Eecent. 

Pandora,  Brag.  Diverging  crura  without  connecting  lamellae ; buttre.ss  and 
lithodesrna  absent.  The  sub-genus  Kennerlia  has  a lithodesma.  Tertiary  and  Eecent. 
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Coelodon,  Carji.  Crura  of  the  left  valve  united  hy  a transverse  lamella.  Cliclio- 
phora,  Carp.,  lias  the  hinge  plate  hiittressed  and  a litliodesma.  Tertiary  and  Eecent. 

Family  9.  Lyonsiidae.  Dali. 

Shell  ineqidvalve,  thin,  sub-nacreous,  edentulo^is ; ligament  obsolete,  the  resilium 
internal,  uniting  the  edges  of  a long,  mesial  lithodesma  to  a narrow  chondro'phoric  stib- 
marginal  ridge  on  each  valve ; beahs  entire,  valves  nearly  closed,  pallicd  sinus  distinct ; 
marine.  Tertiary  and  Eecent. 

Lyonsia,  Turton.  Small,  tliin,  posteriorly  elongate  with  delicate  radiating  sculp- 
ture. Tertiary  and  Eecent. 

Aiitodemfl,  Pliillippi.  Eecent.  Actinomya,  ISlayer.  Eocene;  Nortli  America. 

Family  10.  Lyonsiellidae.  Dali. 

Shell  nearly  equivalve,  sub-nacreous,  ivith  a more  or  less  distinct  tubercle  in  front  of 
the  resilium  on  the  dorsal  margin;  ligament  obsolete,  cartilage  interned  with  a large 
lithodesma;  area  obscure  or  absent;  becdcs  entire;  vedves  edmost  closed;  pcdlicd  sinus- 
obsolete.  Tertiary  and  Eecent. 

Halicardia,  Dali ; Lyonsiella,  Sars.  Chiefly  Eecent. 

Superfamily  2.  ENSIPHONACEA.  Dali. 

Differing  from  Ancdinacea  by  the  formation  of  ce  ccdcareous  tube,  which  may  include 
one  or  both  of  the  vedves,  and  is  usually  furnished  with  a perforeded.,  anterior 
dish  surrounded  by  a more  or  less  complete  fringe  of  small  calcareous  tubules. 

Family  11.  Clavagellidae.  D’Orhigny  (emend.) 

Shell  degenerate,  extremely  specialised  for  a burroiving  life;  vedves 
nacreous,  free  when  young;  when  adult,  one  or  both  merged  in  a ccdcareous 
I tube  anteriorly  discoid  and  fringed,  with  a narrow  peeled  foramen  in  the 
i middle  of  the  dish  ; free  valves  edentulous,  the  liejament  external,  opisthodetic, 

! supported  by  nymphs;  pallicd  line  simoede ; tube  frequently  encrusted  with 
extraneous  materied  ; ma.rine.  Cretaceous  to  Eecent. 

Clavagella,  Lam.  {Bryopa,  Graj^ ; Stirpulina,  HoL),  (Fig.  697).  One 
I of  the  valves  not  attached  to  the  tube  and  adductor  muscles  persistent. 

Cretaceous  to  Eecent. 

Brechites,  Guett.  {Aspergillum,  Lam.)  Both  valves  merged  in  the 
tube,  anterior  adductor  reduced,  and  the  posterior  obsolete.  Pliocene 
and  Eecent. 

Superfamily  3.  POROMYACEA.  Dali. 

Anornalodesmacea  having  mddifiecl  foliobranch  or  lamellar  gills,  slightly 
or  not  cd  cdl  reticuleded,  and  frequently  degenerede  or  even  absent ; valves 
free,  without  a calcareous  tube  external  to  them ; mantle  lobes  united,  with  siphons  and  a 
pedal,  bid  no  opisthopodied  foramen ; the  cartilage  reinforced  beloiv  by  a lithodesma. 

Family  12.  Euciroidae.  Dali. 

Shell  sub-equivalve,  nacreous,  and  cellulo-crystedline,  externcdly  granidose ; hinge 
with  a strong  tubercle  in  the  right  vedve  before  the  resilium,  and  the  dorsal  margins 
modified  to  overlie  and  underlie  each  other ; liejament  obsolete;  resilium  opisthodetic. 


Fin.  697. 

Clavagella 
Caillati,  Desli. 
Eocene ; Grig- 
non.  1/2  (after 
Deshayes). 
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infenicd,  vnlh  a stronrf  lithodesma  ventralhj ; area  ohacure  or  absent ; a depressed  false 
lunule  lirfore  the  beaks;  valres  dosed,  palliul  sinus  shallow,  obscure;  siphons  short, 
separate  : marine.  Tertiary  to  Kc-cent. 

Peechiolia,  Menegli.  Sliell  liea\  y ; beaks  s]>irogyrate,  distant  ; sculi)tiire  radial. 
Eocene  ; AlaTjania.  Miocene  ; Eui  c^pe. 

Euciroa,  ])all.  Jtecent,  abys.sd. 


Tlie  genera  Verheordia,  Wood.;  Triijonu.linn,  d’Orb.  ; Haliris,  Dali;  and  1 Alio- 
pugus,  Stol.  (Itippagus,  De.sli.  non  Lea),  are  included  under  the  family  Verticordiidae. 
Tertiary  and  Decent. 


Family  14.  Poromyacidae.  Dali. 


Shell  rounded,  nacreous,  and  cell ulo-crystalli ne,  granular,  or  smooth  exfernalhi ; hinge 
u'lfh  rdiscure  tubercles  in  front  of  the  rcsilium ; ligament  external,  opisthodetic  ; resiliuni 
suh-i nternetl  below  the  ligament,  with  a small  lithodesma ; area  obscure  or  absent;  a 
depressed  false  I unule  in  front  of  the  beaks;  ralces  nearlg  or  entirelij  closed;  pallial 
sinus  small  or  obsolete  ; marine.  Cretaceous  to  Recent. 


Fl(|ui\alve,  oval,  thin,  in- 
ilated,  concentrically  or 
radially  striated,  gaping 
and  compres.sed  behind  ; 
Ijeaks  piominent,  in- 
curved ; binge  with  a 
nynijih  and  projecting 
])roce.ss  on  each  side ; 
ligament  sunken,  partly 
e.xternal.  Cieta(;eous. 

? JJasterotia,  IMaj'er 
{Eucharis,  Ilecluz  non 
I’eron).  ^ ah'es  sub-e([ual,  cln.-ied,  with  a strong  tooth  in  the  I'ight  and  two  in  the 
left  ; surlace  granular;  form  tra])e/.oid.  iMioceiie  and  Decent. 

Poromija,  Forbes  {Embla,  Lovcii).  Ovate,  ]ilump,  surface  gi'anulur ; pallial  line 
irregularly  widened,  not  sinuate.  Flocene  and  Decent. 

1 termatornija,  Dali.  Surface  smooth,  with  a conspicuous  ])eriostracuni  ; pallial 
Hue  sinuate.  Decent,  aliy.s,sal. 

Cetornija,  Cetocoiicha,  Dali  (Silenia,  Smith).  Decent,  aby.ssal. 

Family  1 ,").  Cuspidai'iidae.  Dali. 

Shell  suh-cijuinilre,  rostrate,  earthg,  or  cel! ulo-ergsta liinc,  rarclij  with  surface,  granula- 
tions; hinge  edentulous  or  with  siih-ii niboiial  tuberrula- 
tion,  sometimes  buttressed  ; ligament  sub-internal,  anterior 
to  the  beaks  or  obsolete ; resiliuni  internal,  with  a mesial 
or  ventral  lithodesma  ; area  ainphidetic  or  obscure  ; valves 
closed,  except  at  the  tip  of  the  rostrum;  pallial  line 
simple;  siphons  united ; marine.  Jura  tf)  Decent. 

Cuspidnria,  Xardo  {Xeaera,  (ti’av),  ("Fig.  (19!)).  Shell 
concentncally  sculptured  ; hinge  wiD,  a sn.all  posteriorly 
inclined  chondrophore  in  each  valve,  and  an  elongated 

ridge  behind  it  ; ligament  always  anteri(jr  to  the  beaks  when  present.  Jura  to 
Decent. 


Liopistha,  iMeek  (Cgmella,  Psilornga,  iMeek),  (Fig.  G!)8). 


I'Ki.  GOS. 

Li'ipisfJiii  fn  iiiirtis^  '/Ait.  Upper  Cretaceous  ; (iosaii,  Austria,  i/j 


Sub-genera  : Co rdknayn ^ Adams  ; with  radial  sculpture  and  a posterior  lateral  tooth  in 
the  riglit  valve.  Lcionuja^  Adams  ; smooth,  with  an  anterior  cardinal  in  each  A-alve,  and 
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anterior  and  posterior  laterals  in  the  right  valve  only.  Plectodon,  Carjn  ; snrCace  granulated. 
Ehinoclmim,  D.  and  S.  ; like  Plectodon,  but  -without  cardinal  teeth.  Tropidomya,  D.  and 
S.  ; hinge  with  a buttress,  one  antei-ior  cardinal,  but  no  lateral  in  either  valve.  Pfalonymplia, 
D.  and  S.  ; right  valve  with  a single  cardinal,  no  other  teeth  in  either  valve,  a conspicuous 
posterior  laminar  buttress  in  each  valve.  Luzonia,  Dali.  Tertiary  and  Recent. 

Mijonera,  Dali  and  Smith.  Shell  thin  with  concentric  wave.s  and  s})arse  radial 
ribs  ; hinge  edentnlons  ; rostrum  short,  rounded.  Recent,  aliyssal. 

? Gorburella,  Lycett.  Middle  Jura.  Sp>heniopsis,  Sandbei'ger.  Tertiary. 


Order  3.  TELEODESMACEA.  Dali. 

A.  Pantodont.v. 

Laterals  eoxeeding  two  in  any  one  group. 

Family  1.  Allodesmidae.  Dali.  (Cycloconchidae,  Ulrich). 

Shell  rounded;  valves  equal,  free,  closed,  with  feeble  concentric  sculpture;  area 
linear,  amphidetic ; ligament  sub-external,  piarivincular,  opisthodetic  ; adductor  scars 
sub-equal,  pedal  scars  above  and  distinct  from  the  adductors ; palliul  line  entire;  hinge 
with  one  or  two  lateral  laminae  on  each  side  of  the  bcah,  the  ptosterior  below  the  ligament, 
received  into  corresponding  grooves  on  the  right  valve;  cardinal  teeth  radially  grooved ; 
one  or  two  in  each  valve,  those  in  the  right  valve  stronger.  Silurian. 

This  family,  as  suggested  by  Ifeumayr,  probably  exemplifies  the  first  step  in  the  develop- 
ment of  the  Teleodesmacean  hinge.  But  it  must  be  admitted  that  its  amphidetic  though 
linear  area,  the  occasional  multiplication  to  three  of  the  lateral  laminae,  and  the  sub-liganient- 
ary  location  of  the  hinder  laminae,  are  very  reminiscent  of  the  prevalent  Silurian  Scliizodont 
type,  and  the  family  can  be.  admitted  to  the  Teleodcsmaccct  only  as  a probable  ancestor,  rather 
than  a perfectly  developed  type  of  the  modern  assemblage. 

Orthodontiscus,  Meek  {Cycloconcha,  Miller  ; ? Anodontopsis,  M‘Coy).  Silurian  ; 
Oliio. 

Allodesma,  Ulrich.  Like  Orthodontiscus,  but  more  elongate,  the  lieaks  more 
anterior,  the  anterior  adductor  scar  Irnttre.-^sed  by  a radial  ridge,  and  the  anterior 
lateral  teeth  short  or  absent.  Ordovician. 

B.  Diogexodonta. 

Laterals  normally  one  or  two,  and  cardinals  three  or  less,  in  any  one  group. 

Superfamily  1.  CYPRICARDIACEA.  Dali. 

Lobes  of  the  mcmtle  partly  closed  ventrally ; anterior  lateral  laminae  absent,  or 
grouped  with  the  cardinal  teeth,  short  and  obscure. 

Family  2.  Pleurophoridae.  Dall.i 

Shell  substance  cellulo-crystalline ; valves  equal,  free,  closed  ; adductor  scars  sub-equal, 
free  from  the  peeled  .sceers ; piallied  line  entire,  or  feebly  sinueded ; a.reei  obscure;  liega- 
ment  external  or  seeded  in  ev  ejroove,  peirivincular ; margins  of  the  vedves  usuedly  plain  ; 
hinge  loith  one  left  emel  two  right  jwsterior  lamineie,  the  anterior  letminae  edjsent  or  con- 
fused loith  the  cardineds ; two  or  three  cardinal  teeth  in  each  valve,  of  which  the  posterior 
in  both  valves  is  sub-paredlel  to  the  elorsed  shell  margin,  and  in  the  right  valve  is  usually 
bifid.  Mantle  with  a moelerede  peded  and  two  siphoned  openings,  the  ledter  usually  not 
produced  into  tubes.  Devonian  to  Recent. 


1 Cyprinidae,  p.p.  of  authors,  but  this  name  cannot  be  used. 
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Ihi-s  ftumly,  so  well  known  under  the  i>reoccu]iied  name  Cijprinidac,  probably  shared  the 
sanie  origin  as  the  Astartklae,  and  the  two  do  not  definitely  separate  until  the  Jura.  The 
position  of  the  Palaeozoic  ancestors  is  necessarily  doubtful,  and  they  are  jdaced  differently 
by  different  authors.  The  group  may  he  conveniently  divided  into  two  suh-families  : Plcuro- 
pfu»rin(ic  and  VcnicUiaac. 


Pleurophorm,  King  (Fig.  700).  Elongated,  .sub-rectangular  ; beaks  sub-terminal; 
Mirface  .smooth  or  with  radial  sculpture;  binge  with  two  cardinal  teeth  in  each  valve; 


Kio.  TOO. 

I’lciirniilionis  cnatntiis,  King.  Permian  ; 
ByiTS  Cpiarry,  England.  .1,  Sliell,  l/i 
(after  King).  H,  Internal  ca.st  from  Gera, 
Thuringia  (after  Geinitz). 


Pin.  701. 


Aiii'^ocffrdia  rUffuns,  Mnn. -Chaim.  Kinuneridgian  ; 
Cap  de  la  Ilcve,  near  Havre,  i/,. 


anterior  adductor  scar.s  dee]),  with  a buttress-like  ridge  behind  it.  Devonian  to 
Trias  ; e.specially  abundant  in  the  Perniian. 

Cjipricardclla,  Hall  (Microdon,  Hall) ; ^Icnjiiodon,  Keferst. ; Cppricardinia,  Hall. 
Devonian.  Astartella,  Hall.  Carljoniferou.s. 

Anhwcnrdifi,  Mini. -Chaim.  (Fig.  701).  Hounded  or  tra])ezoid,  plum]),  smooth  or 

radially  striate  ; ])o.sterior  slope  sonie- 
liines  keeled  ; hinge  with  a strong  .some- 
times bifid  right  cardinal  behind,  and  an 
anteriorly  dii’ccted  front  cardinal  ; left 


Fio.  704. 

J't  niello  fnmida,  Xyst.  Crag ; Antwerp 


valve  with  a forwardly  directed  anterior  and  a ])OSterior  cardinal  tooth.  Jura  to 
Tertiary. 

Rondairia,  Mun. -Chaim.  Like  Trapexium,  but  with  a shar])  keel  and  smooth  area 
behind,  anteriorly  with  concentric  ridges;  right  posterior  cardinal  bifid.  Upper 
Cretaceou.s. 
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Trapezium  (Humph.),  Megeiie  (Libitina,  Sclmm.  ; Cypricardia,  Lam.)  Sliell 
elongate,  trapezoidal,  concentrically,  or  more  rarelj'  radially  sculptured,  often  with  a 
posterior  keel ; three  cardinal  teeth  in  each  valve,  the  jiosterior  in  the  right  valve 
often  bifid.  Jura  to  Eecent. 

Plesiocyprina,  Mun.-Chalm.  Jura.  Gicatrea,  Stol.  Cretaceous.  Coralliophaga, 
Blainv.  Tertiary  and  Recent. 

Arctica,  Schum.  {Gypirina,  Lam.),  (Fig.  702).  Oval  or  rounded,  inllated,  concen- 
trically striated ; beaks  prominent,  curved,  cardinals  three  in  each  valve,  the  left 
jiosterior  often  bifid,  the  middle  left  cardinal  largest,  and  the  posterior  ridge-like. 
Abundant  in  the  Jura  and  Cretaceous,  and  rejiresented  by  one  or  two  living 
sjiecies. 

VenilicardAa,  Stol.  (Fig.  703).  Cretaceous.  Pygocardia,  IMun.-Chalm.  Tertiarj". 

Veniella,  Stol.  {Venilia,  Morton;  (?)  Goniosoma,  Conr.),  (Fig.  704).  Left  valve 
with  the  anterior  cardinal  strong,  sub-triangular.  Cretaceous  and  Tertiary. 

Superfamily  2.  ASTARTAOEA.  Dali. 

Lobes  of  the  mantle  free  ventrally ; lateral  laminae  obscure,  ivhen  present  distant 
from  the  cardinals. 

Family  3.  Curtonotidae.  Dali. 

Shell  short  and  heavy,  with  sub-terminal  beaks;  valves  free,  equal,  closed;  arect 
obscure;  ligament  as  in  the  Astartidae ; adductor  scars,  especially  the  anterior,  deep  ; 
pallial  line  simple;  hinge  plate  broad,  without  lateral  laminae;  the  formula  of  the 

cardinals  or  Devonian  and  Carboniferous. 

RlOlO  RlOl 

This  group  is  inserted  conformably  with  the  opinion  of  Neumayr,  who  regards  it  as  the 
radical  of  the  Astartidae. 

Gurtonotus,  Salter.  Oval,  cardinal  border*thick,  Avith  one  very  strong  tooth  in  the 
left,  and  a strong  anterior  and  thin  posterior  tooth  in  the  right  valve.  Scars  of  the 
adductors  strong,  especially  the  anterior.  Devonian  ; England. 

Prosocoelus,  Keferst.  Devonian.  Protoschizodus,  de  Ivon.  Carboniferous. 

Family  4.  Astartidae.  D’Orbigny  (emend.) 

Shell  substance  cellulo-crystalline,  with  a 'pronounced  epidermis;  shell  rounded  or 
sub-triangular,  usually  ivith  concentric  or  'not  radial  sculpture  ; valves  equccl  or  sub-equal, 
free,  closed ; area  distinct ; ligament  and  resilium  external,  parivincular,  opisthodetic ; 
beaks  prosocoelous ; adductor  scars  .sub-equal,  with  a distinct  anterior  pedal  scar ; pallial 
line  simple;  hinge  plate  chstinct,  hinge  ivith  anterior  and  posterior 
lateral  teeth  and  their  respective  sockets,  usually  more  or  less  obsolete ; 
cardinal  teeth  not  bifid  at  the  summit,  the  terminal  teeth  frequently 
obsolete.  Lobes  of  the  mantle  free  'ventrally,  not  produced  into  siphons. 

Trias  to  Recent. 

Fig.  1 05. 

Astarte,  Sow.  {Grassina,  Lam.),  (Fig.  705).  Roundly  triangular  Astarte  Volfzi, 
or  oval,  rather  compressed,  thick  ; smooth  or  concentrically  sculptured  ; Gu*i;der’sh“o'’^fen^ 
lunule  impressed  ; right  anterior  cardinal  strong.  Alsace,  i/i. 

A number  of  genera  have  been  associated  with  Astarte  which  probably  belong  elsewhere. 
The  following  sub-genera,  however,  are  Avorthy  of  recognition  : — Coclastartc,  Buhm  ; Prcconia, 
Stol.  ; Crassinella,  Bayle  non  Guppy  (Fig.  706)  ; ProroMa,  Bcilim.  Jura.  Eriphyla,  Gabb. 
Cretaceous.  ^ Orotriania,  Speyer  ; Goodallia,  Turton  (Fig.  708)  ; PJiectocyma,  Dali ; JVoodia, 
Deshayes  (Fig.  707).  Tertiary  and  Recent. 
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lA-fi-.  (Fig.  TO!)).  Trigonal,  cordate,  smootli,  or  concentrically  striate;  lieaks 


P’lo.  70a. 

Astinir  (CrnssinrUii)  rihlhitiii,  Desli. 
Inferior  Oolite  ; Bayeux,  Calvado.f. 


.1 


/; 


l-'ic.  707. 

U'noAid  prnfnndu,  Dosli. 
Eocene;  Aizy,  near  I.Z1011. 
-•I,  Hinge,  enlarged.  /;, 
Sliell. 


proiiiinent,  prosoeoelous  ; lunule  very  deej),  liordercd  l)v  a keel  ; 
cardinal  teeth  long,  narrotv  (2  : 1).  Trias  to  Cretaceon.s. 

OpiKijmu^  Stol.  Jura.  Sei’h((chtfi,  Xemuayi'.  Cretaceous. 


Eio.  70S. 

Asto.rtc  (Goodnllia) 
miliaris,  Defr.  Eoceiu* ; 
(irij^noii,  near  Paris 
(after  Deshayes). 


Fi(}.  TOP. 


Opis  Gnldfussiann, 
<rc)rb.  Upper  Jura; 
Xattheiin. 


Family  5.  Crassatellitidae.  Dali. 

Shi'H  as  III  the  Asfartiilae,  hut  the  valves  always  somewhat  unequal,  and  usually 
more  or  less  rostrate,  the  heahs  rompressed,  erect,  nr  opisthnroelous ; liiiament  internal. 


pill mhi  <•,  Clieiii.  sp.  Eocene  (Calcaire  Orossicj') ; Daniery,  near  Epernay.  -/3, 

more  or  less  obsolete,  rcsihura  larf/e,  u'hollii  internal,  attached,  at  each  end  to  a chond.ro- 
phoric  pit  m the  hinfie  qdate  behind  the  cardinal  teeth  ; lateral  teeth  and  sockets  usually 
alternated  m the  valves,  the  In nije  plate  heavy,  flat ; the  qiosterior  cardinal  in  the  right 
valve  very  small  or  obsolete,  ivith  no  distinct  socket  in  the  opposite  valve ; full  cardinal 
. , L 1010  ^ 

jornmta  Lower  C'retaceou.s  to  Eecent. 

The  earlier  loriii.s  of  this  family  liave  a small  resilium  close  to  the  nearly  marginal  liga- 
ment. T\  ith  time,  later  ones  show  a gradual  descent  of  these  organs,  until  in  .some  of  the 
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more  specialised  modern  representatives  there  is  no  appreciable  ligament  remaining,  and  the 
resilium  has  become  large  and  deeply  immersed.  The  parallelism  between 
this  group  and  the  Mactridae,  in  the  gradual  immersion  of  the  ligament, 
could  hardly  be  more  complete. 

Grassatellites,  Kruger  {Grassatella,  Lam.,  1819,  non  Lam.,  1799), 

(Figs.  710,  711).  Cretaceous  to  Recent;  represented  by  about  seventy 
fossil  and  forty  living  species. 

Triodonta,  Koenen.  Oligocene.  Scambula,  Conrad  ; Remondia,  Galib 
{Stearnsia,  White) ; Anthonyia,  Gabb  ; Grassatellina,  Meek.  Cretaceous. 

? Ptychomya,  Ag.  Like  Grassatellites,  but  with  radial  scidpture 
and  three  cardinals  in  eadi  I'alve.  Cretaceous. 

Grassinella,  Guppy  non  Bayle  (Gouldia,  auct.  non  Adams  ; 

Pseuderiphylu,  Fisch.)  Small,  sub  - triangular,  very  compressed,  con- 
centrically ribbed.  Tertiary  and  Recent. 


Fig.  711. 

C rassatellitcs 
Bronni,  Merian. 
Oligocene ; 'Weiii* 
heiiii,  near  Alzev. 
hi- 


Superfamily  3.  CYRENACEA.  Tryon. 

Gypricardians  which  have  become  specialised  for  fresh  or  brachish  water  conditions, 
and,  as  usual  in  such  cases,  have  developed  great  variability  of  character. 


Family  6.  Oyrenidae.  Gray. 

Shell  porcellcmous,  luith  a conspicuous  epidermis,  usually  with  concentric  sculpture ; 
valves  equal,  free,  closed,  usually  with  plain  margins ; area,  obscure  or  none ; ligament 
and  resilium  external,  parivincular,  oqnsthodetic ; adductor  scars  sub-equal,  separate 
from  the  pedal  ; pallial  line  simple  or  with  a small  sinus;  hinge  with  anterior  and 
posterior  laterals  'usucdhj  double  in  the  right,  single  in  the  left  valve,  distinctly  separated 
from  the  cardinals;  cardinal  teeth  bifid  at  the  summit,  three  in  each  valve  when  none 
are  obsolete.  Mantle  open  ventrally,  the  sipihons  distinctly  developed,  short,  more  or  less 
united.  Lias  to  Recent. 

' : Many  of  these  forms  merge  with  one  another  as  we  recede  in  time.  The  recent  American 
forms  and  many  fossils  show  a pallial  sinus  ; oriental  species  are  generally  without  it.  In 
some  fossils  the  laterals  of  the  right  valve  are  not  double. 


Gyrena,  Lam.  Rounded,  sub-equilateral,  plump,  concentrically  sculptured,  with 
smooth  margins  ; cardinals  three,  the  laterals  smooth.  Lias  to  Recent  (300  species) ; 

maximum  in  the  Cre- 
taceous and  onwards. 

Sub-genera ; Corhicula, 
Megerle  (Figs.  712,  713). 
Smaller  than  Cyrcna,  and 
the  laterals  sharply  cross- 
striated.  Egeta,  Adams. 
Compressed,  elongated, 
thin  ; almost  rostrate. 
Recent  ; marine. 


Corhicula  Jluminalis, 
Mull.  sp.  pleistocene ; 
Teutschenthal,  near 
Halle,  Saxony. 


Fig.  713. 

Corhicula  semistriata,  Desh.  Oligocene  (Cyrena 
marls) ; Flonlieiin,  near  Alzey.  i/j. 


Batissa,  Gray.  Like 
Gyrena,  but  the  right 
anterior  and  left  posterior  cardinals  feeble  or  obsolete  ; anterior  laterals  very  short, 
posterior  ones  elongated.  Upper  Cretaceous  of  Oregon,  and  living  in  Indo-Pacific 
region. 


Veloritina,  Leptesthes,  Meek.  Laramie  Group.  Velorita,  Gray.  Recent.  The 
relations  of  the  recent  Galatea,  Brug.,  and  Fischeria,  Bernardi,  do  not  seem  to  be. 
positively  fixed. 
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Family  7.  Sphaeriidae.  Dali. 

Shell  «.<!  in  the  Cyrenulae,  hut  small,  uutit  a feeble,  short  li(jamenf,  a siriqAe  'palliul 
line,  and  no  hiiuje  ‘plate ; cardinal  teeth  usually  two  in  each  valve,  variable,  very  thin, 
often  nearly  parallel  to  the  hinge  margin  or  defective  in  part  of  the  series  ; laterals  as  in 
the  Cyrenidae,  distinct.  Upper  Cretaceous  to  Eeceut. 

Sphacriurn,  Sco]).  {Cyclus,  Drug.)  Braiicliial  siphon  complete ; shell  inflated, 
rounded.  Upiier  Cretaceous  to  Recent. 

Sub-goiius  Eupera,  Bgt.  Shell  compressed,  trapezoid.  Tertiary  and  Recent  ; sub-tropical. 

Pisidinrn,  Pfr.  Shell  inecpiilateral  ; branchial  siphon  merged  with  the  pedal 
oj)ening.  Eocene  to  Recent. 


Superfamily  4.  CARDITACEA.  Menke. 


Tins  group  appears  to  have  branched,  off  from  the  Astartoid  radical  in  the  early 
Mesozoic,  forming  in  one  sense  a sort  of  parallel  series  with  the.  Astartidae,  with  idnch  it 
IS  contrasted,  most  obviously  by  its  prevailingly  radial  scnljiture  anit  posterior 

cardinal  tooth. 

1^11111)-  8.  Carditidae.  (till. 


Shell  as  111  the  Astartidae,  but  usually  with  radial  sculpture,  the  pedal  adjacent  to 
the  anterior  adductor  scar  ; ligament  external,  parivincular  ; resilium  usually  included 
in  the  ligament,  rarely  internal;  hinge  fully  developed,  with  the  laminae  us  in  the 
Astartidae,  and  usually  ob.solete ; the  anterior  cardinal  often  obsolete,  the  posterior  piro- 
longed  parallel  with  the  dorsal  margin  even  below  the  ligament.  Full  cardinal  formula 


LOlOlO 

KlOlOl' 


ilarine.  Trias  to  Recent. 


The  earlier  forms  apiiroacb  the  .[.start idae  and  I'lcunqdwrulac  so  closely  that  they  can 
hardly  be  discriminated. 


Curdita,  Ring.  Elongate,  (piadrate,  with  ]>rominent,  \'ery  anterior  beaks;  sculj)- 


Valnuoca  n^Un  rn  nntu . 
Munst.  s|).  UitpfT 
Trias  ; .St.  (’assiaii, 
Tyrol. 


Vin.  715. 


Vnicni-ii rdlo  inihrkfiio,  Lam.  Eocene;  (irignon,  near  Paris. 


lure  I'adial  and  usuall\'  imbricated,  commonly  with  a lunule  ; inner  margin.s  dentate; 
cardinals  long  and  obliipm.  Trias  to  Recent. 

Falaeoea rdlla,  Coiir.  (Fig.  714).  Like  Curdita,  but  with  a jjosterior  lateral 
tooth.  Trias  and  CretaceoU'. 

Veuericard in , Lam.  (Fig.  71.7).  Rounded  or  cordate;  lateral  teeth  absent  or 
obsolete.  Cretaceous  to  Recent. 
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Garditameru,  Coiir.  Elongated,  suli-mytilifonn.  Pleuromeris,  Conr.  Small, 
equilateral,  trigonal.  Calijptogena,  Dali.  Ovoid,  smooth  externally.  Cardifcllu, 
Smith.  Small,  with  internal  ligament.  All  Tertiary  and  Eecent.  Theccdia,  Adams  ; 
Milneria,  Dali.  Females  with  a slielly  marsnpinm.  Recent. 

Superfamily  5.  CHAMACEA.  Geinitz. 

Carditian  forms  specialised  for  a sessile  habit,  usually  un'th  exceptionally  spiral 
growth,  and  very  unequal  valves.  Marine. 

Family  9.  Chamidae.  Lamarck. 

Hhell  substance  three-fold,  the  inner  layers  porcellanous  and  tubular,  the  'middle 
obscurely  prismatic,  the  external  cellulo-crystulline  luith  reticulated  tubules  and  an  incon- 
spicuous epidermis;  valves  unequal,  irregular,  one  of  them  sessile;  closed,  usually 
rounded  in  form  xvith  conspicuous  sculpture,  often  differing  in  the  oqxposite  valves;  ad- 
ductor scars  sub-equal,  elongate,  pedal  scars  minute,  distant;  ligament  and  resilium 
external  in  a deep  groove,  parivincular,  opisthodetic  ; area  distinct,  prosodetic ; heaJes  'more 
or  less  spiral,  prosogyrous ; pallial  line  simple;  hinge  qjlate  heavy,  arcuate;  hinge 
frequently  luith  a minute  or  obsolete  posterior  lamina,  chiefly  in  the  fixed  valve ; cardinals 
• one  or  two  in  the  free  valve,  tivo  with  an  intermediate  socket  in  the  fixed  valve  ; the 
I anterior  cardinal  broad,  usually  dee'phj  grooved  or  multifid,  the  posterior  simqAe,  long  and 
I curved  parallel  ivith  the  dorsal  border;  siphonal  orifices  not  produced,  into  tubes;  adductors 
i each  composed,  of  two  elements.  Cretaceous  to  Recent. 

Either  of  the  valves  of  Cliama  may  be  the  sessile  one,  but  the  teeth  in  the  fixed  valve, 
whether  right  or  left,  are  always  the  same,  and  similarly  with  the  free  valve.  The  fixation 
is  generally  by  the  left  valve. 

Nepionic  shell  rounded.  Ligament  sometimes  continued 


larger 


Charna,  Lin.  (Fig.  716). 
to  the  point  of  the  beaks,  as 
in  other  bivalves  with  gyrate 
umboues ; form  rounded, 
attached  valve  deeper  and 
the  free  valve  flatter  ; 
usually  cross- 
striated,  surface  lamellar  or 
spinose ; adductor  scars  large, 
not  elevated.  Cretaceous  to 
Recent 
Eocene. 

Echinochama,  Fisch.  Ncq>ionic  shell  elongated,  having  the  form,  hinge,  and  other 
characters  of  Gardita ; attached  wdien  adolescent,  free  in  the  young  and  adult  stages. 
Valves  sub-equal  and  similar  ; surface  vermiculate,  spinose,  with  radial  ribs, 
and  Recent. 


maximum  in 


CInnaa  squamosa, 


Kic.  71U. 
Lain.  Eocene : 


Hanipsliire.  Vi- 


Oligoceiie 


Family  10.  Diceratidae.  Dall.i 

liesembling  Ghuma,  hut  with  the  adductors  usually  borne  on  myophoric  laminae,  or 
projections  lohich  are 'prolonged  into  the  umbonal  cavity  below  the  hinge  plate;  valves 

^ For  the  Chamacea  and  liudistae.  Neimiayr  proposed  the  term  Pachydonta.  For  special  litera- 
ture see  : Zittel,  K.  d.  v(ju.  Die  Bivalveu  der  Gosaugebilde  (Deiikschr.  Akad.  Wis.sensch.  AVieii,  Bd. 
XXIV.),  1864. — Oemniellaro,  G.  G.,  Capriiiellidae  della  Ciaca  dei  intorni  di  Palermo,  1865. — 
MuHier-Chedmas,  Prodrome  d’une  classification  des  Rudi.stes  (Journ.  de  Coiichyl.  vol.  XXL),  1873. — 
tVhite,  O.  A.,  Bull.  U.S.  Geol.  Surv.,  No.  4,  1884  ; No.  22,  1885. — Dnin-iUe,  //.,  Bull.  Soc.  Gcol. 
Prance  [3],  XIV.  p.  389  ; XV.  p.  756  ; XVI.  p.  699  ; XVII.  p.  627  ; XVIII.  p.  324  ; XIX.  p. 
506  ; 1886-91. — di  Stefano,  G.,  Studii  stratigratici  e paleontologici  sul  systenia  cretaceo  di  Sicilia. 
I.  Gli  Strati  con  Caprotina.  Palermo,  1888. — DoaviUe,  II.,  Etudes  .sur  les  Rudistes  (Mem.  Soc.  Geol. 
France.  Pak-ontologie,  I.-III.),  1890-93. 
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(irotcMpu’hj  distorted,  suh-equal,  udth  proloiujcd  and  tivisted  umhones,  or  the  free  valve  is 
reduced  to  an  opercular  form,  spiral,  and  even  concave;  the  teeth  often  reversed  relatively 
to  their  situation  in  Charna.  Jura  and  Cretaceous. 


Diceras,  Lain.  {Heterodiceras,  I’lesiodiceras,  ]\Iuu.-Clialui. ; Pseudodiccras,  (iemiu.) 
(Figs.  717,  718;.  Sliell  smooth,  iiie(|uivalve,  witli  hotli  valves  convex,  the  attached 


Fin.  717. 

hirn'os  d riatinum,  l.am.  Coral  ■ Hag  ; 
8t.  Mihicl,  Meuse.  -/.•{. 


Fig.  718. 


.1,  Direras  oriitininu,  Lam.  Coral-Rag;  St.  Miliiel,  Meuse, 
Fixed  left  valve,  B,  D.  '/.ittdi,  Mun. -Chaim.  Tithonian  ; 
Stramlnirg.  Uiglit  valve,  -/jj.  a,  a',  Anterior  ami  posterior 
adductor  scars;  c.  Major  car<liual ; d,  Socket  for  left  anterior 
cardinal  ; /.  Ligainent.'iry  groove  ; .s,  Huttre.ss  ridge  before 
jiosterior  a<lductor  scar. 


valve  larger,  dent  it  iou  normal  or  inver.se;  heaks  jirominent,  jiro.socoelous ; ligament  a.s 
in  Chaina,  supjiorted  on  nym])hae  ; right  lahe  with  a small  anterior  and  large 
(dongated  l urved  ]>osterior  tooth  almost  jiarallel  with  the  hinge  margin  ; left  valve 


.t 


1! 


c 


Fig.  710. 


.1,  Itt'ii'tenid  oiiiiiiniiid,  (o»Mf.  Urgonian;  Orgon,  Vaucluse.  Va*  Small  individual  of  Jl,  (I'cniccusiu) 

J.onsilnli  'iy  Sow.  s]).,  from  .sanu'  locality.  7>,  L'dt  ; C,  Right  valve,  i/j. 


with  a single  large  ear-shaped  tooth  in  front  of  the  elongated  socket  for  the  jirincijial 
tootli  of  the  right  valve  ; jiosterior  adductor  scar  on  a jirojecting  hnttress.  Ui)])er  Jura. 

Apricardia,  fim'rangei'.  Cenomanian  and  4'uronian. 

Iteqnienia,  idatheron  I'Fig.  71!t,  A).  Smooth,  very  ineijuivalve,  attached  hy  the 
spirally  twisted  heak  of  the  left  valve  ; right  valve  ojieivular,  sjiiral,  Hat ; teeth  feeble; 
jiosterior  adductor  .scar  huttressed.  Lower  Cretaceous,  especially  the  Urgonian  of 
Southern  Fhirojie,  the  Alps,  and  Texas. 

.Suli-gemis  Toneasia,  ^lun. -Clialm.  (Fig.  719,  li,  C).  Differs  from  Itcquicnia  m having  both 
valves  keeled.  Urgonian  and  Cenomanian. 

Mathcronia,  Mun. -Chaim.  L’rgonian  and  Cenomanian. 
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Family  11.  Monopleuridae.  Fisclier. 


Shell  substance  without  canals ; shell  sessile,  closed,  very  inequivalve  ; free  valve  loith 
'the  cardinal  formula  101,  operculiform  or  slightly  spiral ; fixed  valve  with  the  formula, 
010,  conical,  unrolled,  or  spiral ; area  ivanting  ; ligament  external,  parivincular,  opistbo- 
detic.  Cretaceous. 


Monopleura,  Math.  (? LHpilidia,  Matli.),  (Fig.s.  720,  721).  Very  inequivalve,  smooth 
■ or  ribbed  ; dentition  always  inverse  ; attached  by  the  right  valve,  which  may  be  either 

ABC 


Fig.  1-20. 


Fig.  121. 


Monopleura  trilohita,  d’Orb.  Npocomian  (Schratteiikalk) ; Orgon,  Monopleura  varians,  Matli.  Ur- 

Vaucluse.  i/j.  A,  B,  Anterior  and  posterior  views.  C,  Interior  of  gonian ; Orgon,  Vaucluse.  Interior 
attached  valve.  of  both  valves,  i/j. 


twisted  or  coniform ; left  valve  conical  or  flat ; ligament  as  in  Chama ; posterior 
adductor  scar  buttressed.  Lower  Cretaceous  ; Southern  Europe  and  Texas. 

Valletia,  Mun. -Chaim.  Neocomian.  Gyropleura,  Douville.  Cenomanian  to 

Senonian.  Bayleia,  Mun.-Chalm.  Turonian.  B.  Pouechi,  Mun.-Chalrn. 


Family  12.  Caprinidae.  D'Orbigny. 

^ Shell  substance  internally  furnished  with  large  parallel  canals,  the  external  layer 
prismatic;  valves  heavy,  irregular,  unequal,  closed;  free  valve  spiral,  cardinal  formula 


Fig.  122. 


Longitudinal  section  of 
the  fixed  valve  of  Caprina 
cd'yersc,  showing  cavities  in 
the  inner  shell  layer. 


h'lG.  723. 


Cross-section 
of  the  free  valve 
of  Coprina  com- 
mu)iis,  showing 
parallel  canals 
in  the  middle 
layer. 


Fig.  724. 

Plagiopt ijchus  Agiiilloni,  d’Orb.  Upper  Cretace- 
ous ; Gosau,  Austria.  2/3. 


10^,  with  a posterior  myophoric  crest  for  the  adductor ; fixed  valve  conical  or  spiral, 
<iuri.  iiial  formula  010  ; ligament  in  a deep  groove,  almost  internal,  parivincular,  opistho- 
dehc.  Cretaceous. 

Capri  iia,  d Orb.  {Gemmellaria,  Mun.-Chalm.;  Cornucaprina,  Futt.),  (Figs.  722,  723). 
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Very  inequivalve,  attadicd  by  tlie  ajiex  of  the  coniform  right  valve.  Left  valve  large, 
spirally  twisted  ; inner  layer  of  lower  valve  made  nj)  of  concentric  lamellae  between 


Fio. 


Platllojitijrh  IIS  JgnUIou},  d’Orb.  (/’.  CnijtiniuJiy  Math.)  Ujijmr  Cretaceous  (Hipjjurites  luineslone);  Le 
JJeausset,  \'ar,  Kmiice.  .1.  7/,  valve  of  the  same  individual,  seen  from  witliin,  ~/n.  o,  Anterior; 

o',  Posterior  adtluetor  .'<ear;  I,  Li^^ameiitary  ^n-oove ; c,  Anterior  tooth;  r',  Po.sterior  tooth  of  left  valve; 
d,  iSocket ; s,  iUittress.  C,  Section  of  the  small  valve  near  the  mar^dn,  showing  canals  (y)  of  tlie  middle  layer. 
Magnilled. 


which  cavities  are  sometimes  left.  Tlie  middle  laver  of  the  free  valve  iraver.^ed  bv 


numerous  simple,  wide,  jiarallel  canals,  extending  from  the  margin  to  the  ajiex  ; tooth 


Kk;.  72(1. 

Cifjii'inula  ilrnflei,  Geliim. 
Upper  Cndaceous  ; Ad- 
dauran,  near  Palermo.  V-j 
(after  Gemmellaro). 


of  the  attached  valve  well 
developed,  a .serie.s  of  depres- 
sions hetween  the  jiosterior 
adductor  .scar  and  the  margin. 
Cenomanian.  The  tjqiical 
species,  C.  advei'm,  d’Orb.,  i.s 
of  large  size. 

Scliioaia,  Bbhm.  Like 
Cdprina,  but  the  fixed  valve 


Kig.  728. 


CojirinuUf  lioissyl,  d’Orb.  Cross- 
section  f)f  the  lower  (yl)  and  ujfper 
(/;)  valves.  (\  Teeth  ; Septum  ; 
V,  Bo'ly  cavity;  x,  Sockets.  -/;} 
(after  Woodwanl). 


Mass  consi.sting  of  Copro- 
thin  Hcmistriata  and  C.  strlcUcit 
d'Orb.,  and  a smooth  Sphoerv- . 
lifes.  (jreensan‘1 ; Le  Mans 
(after  d'Orbigiiy). 


somewhat  gyrate  and  tjie  canal  sycstein  jjreseiit  in  Ijotli  valves.  Cenomanian;  Upperi 
Italy. 

Phujiuptyclui.-'t,  Math.  (Sjihaerucajrrina,  Genini.  ; OrthoptyclLUS,  Futt),  (Figs.  724, 
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725).  Eight  valve  conical  or  twisted,  attached  ; left  valve  convex,  witli  incurved 
beak  ; ligament  as  in  Chama.  Shell  structure  like  Caprina,  hut  the  free  valve  ivitli 
canals  in  the  middle  layer  ; the  walls  of  the  canals  bifurcate  outward,  forming  in 
section  a fringe  of  peripheral  minor  channels  (Fig.  725,  G).  Cenomanian  and  Turonian. 

Capriniila,  d’Orb.  {Ghaperia,  Mun.-Chalm.),  (Figs.  7 26,  727).  Eight  valve  elongated, 
attached,  conical,  or  incurved  ; left  smaller,  gyrate  ; both  with  canal  system,  the  peri- 
pheral canals  smaller  ; hinge  as  in  Gaprina.  Cenomanian  and  Turonian,  especiall  v 
in  Portugal,  Sicily,  and  Texas. 

? Ichthyosarcolites,  Desm.  {Gaprinella,  diOvh)  Cretaceous.  Gaprotina,  (GOvh.  (Fig. 
728).  Canals  obsolete,  replaced  in  some  species  by  cavities.  Keoconiian  to  Turonian. 

Goralliochama,  White.  Eight  valve  conical,  elongated,  attached  ; left  smaller,  with 
incurved  beak ; anterior  cardinal  tooth  buttressed,  strong ; posterior  cardinal  weak  ; 
canals  as  in  Plagioptychus,  bounded  within  by  a coarsely  cellular  layer  ; lower  vah'e 
j with  a prismatic  outer  and  laminar  inner  layer,  separated  liy  an  intermediate  cellular 
: stratum.  Cretaceous  ; California. 

Superfamily  6.  RUDISTAE.  Lamarck. 

Ghamacea  in  which  the  spirality  of  the  valves  has  been  lost,  the  area  and  ligament 
; vertically  submerged,  and  the  dorsal  niarcjins  recurved  over  them  so  as  to  bring  the  ligament 
i into  a,  sub-central  position  above  the  teeth  but  far  beloiu  the  dorsal  margin,  where  it  finalbj 
' becomes  obsolete.  The  teeth,  no  longer  forming  a hinge  but  rather  a clithrum,  specialhj 
j modified  for  the  vertical  motion  of  the  operculiform  left  valve,  in  which  rotation  is  prevented 
: by  the  projection  of  the  modified  teeth  into  deep  sochets  in  the  fixed  valve ; the  latter  conical, 
thich ; pallial  line  simple,  enclosing  the  udiole  cavity ; shell  structure  specialised  in  two 
' very  differen  t layers ; sessile,  marine. 

I The  prisms  of  the  outer  shell  layer  are  parallel  to  the  long  axis  of  the  valve,  and  are  cut 
I at  right  angles  by  numerous  tabulae,  which,  together  with  the  upper  margin,  often  bear 
; impressions  of  radial  vessels.  The  laminae  of  which  the  inner  layer  is  compo.sed  are  often 
' separated  by  cavities  which  recall  the  septa  of  Cyathophylloid  corals,  or  those  cavities  found  in 
i some  oyster  shells.  In  Hqymrites  the  outer  layer  is  traversed  by  a complex  of  canals.  The 
I Rudistae  are  the  most  peculiarly  modified  of  all  Pelecy})ods.  Their  relationship  to  the  Chamiclae 
through  Mo7iopleura  and  Ccqorotina  was  first  recognised  by  Quenstedt,  and  afterwards  con- 
1 firmed  by  Woodward,  Bayle,  Zittel,  Munier-Chalmas,  Douville,  and  others.  Formerly  the 
I group  was  referred  to  the  most  diverse  connections,  such  as  Brachiopods,  Corals,  Cirripedes, 
etc.,  or  placed  in  a special  class  by  itself. 

j The  majority  of  Eudistids  occur  gregariously  in  large  numbers,  sometimes  filling  entire 
: beds  ; they  are  often  found  in  their  natural  })Osition,  standing  vertically  on  the  apex  of  the 
i attached  valve.  Notwithstanding  their  abundance,  it  is  extremely  difficult  and  often  impos- 
' sible  to  separate  the  two  valves  and  expose  tlie  interior,  hence  the  hinge  of  many  species  is 
still  only  imperfectly  known. 

Family  13.  Radiolitidae.  Gray  (emend.) 

Shell  substance  with  the  external  layer  thich,  prismatic ; the  internal  thin,  cellulo- 
crystalline  (frequently  destroyed  in  fossilisation) ; valves  very  unequal,  the  ligamentary 
subsidence  usually  marked;  free  valves  with  two  projections  and  tv:o  somewhat  irregula.r 
myophoi-es ; fixed  valve  ivith  07ie  myophore  and  two  sockets;  summit  of  the  valves  sub- 
marginal  in  the  young,  sub-central  in  the  adult.  Cretaceous. 

Radiolites  (Lam.),  Bayle  (Biradiolites,  d’Orb.),  (Fig.  729).  Lower  valve  conical, 
erect,  elongated,  vertically  ribbed,  or  made  up  of  successive  layers  ; usually  with  two 
somewhat  smooth  bands  extending  from  the  ajiex  to  the  up2ier  margin,  which  are 
, supposed  by  Douville  to  indicate  the  jiosition  of  sipihonal  orifices  ; outer  layer  very 
thick,  comjiosed  of  large  jiolygonal  cells  or  hollow  ^u’isms  (Fig.  731).  Uiijier  valve 
lOperculate,  flat,  or  conical,  with  central  or  eccentric  umlxi.  Clithrum  tanned  by 
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two  vertically  i)rojectiiig  striated  jn'oceases  (Fig.  729,  c,  c'),  fitting  into  sockets  near 


tr 


Via.  730. 

Sjih((cruUtes  tnujiiudea,  Lam.  Upper 
OrUiceoiis  ; (Josaii,  Austria,  o,  .Sliel! 
witli  closed  valves,  i/i-  Opercular 
valve,  Vi-  -L  Simis  of  liiuKt*.  u,  a\ 
Myophores;  Processes  of  clithruiu. 


Fk5.  720. 

((,  h,  liinlioUtcit  (liiroiliolifi  s)  cofh  d’Orb.  Miiidle  Ci'c* 

laceous  (Ciircntoiiian) ; Pyl(*s,  near  IVrijiiMix.  c,  Slicll  witli  close<l 
valvf.';.  L\  The  two  more  lim-ly  ribbcil  vortical  bauds,  h,  Interior 
of  larger  valve,  vieweii  from  above,  o,  Adductor  scars  ; m,  Pallia! 
line;  c,  J>pace  occupicii  by  soft  parts;  /,  Kmjily  sjiace  between  the 
sockets.  Payle).  r,  Ojiercular  valve  of  Ji.  Huurnoni^  Desni. 

sj).  U])per  Cretaceous  (Dordonian);  St.  Mametz,  Dordoj^ne.  o,  An- 
terior; o',  l*(»sterior  myoidiore  ; c,  »•',  Anterior  ami  posterior  processes 
of  clithrum.  1/3  (after  Payle). 


(jutsidc  of  tlie  .‘sockets  are  two 


large 


the  outer  wall  of  tlie  fixed  valve;  next  to  and 
unequal  sliglitly  excavated  adductor  scar.-<, 
corresponding  to  two  luoad  iiiyopliores  in  the 
upjier  vah'e.  ^fiddle  and  Ujqiei’  Cretaceous; 

Kurojie  and  'I’exas. 

Suh-geiieia  : Lujni roHsia , liayle.  The  smooth 
hands  corrcsjioiid  internally  to  two  iiroininent 
tubercles^  ,Si/iiiu/i>ii/ i/i's,  I’irona.  lias  the  two 
teetli  of  the  ujqicr  valve  fused. 

S ji  h II  I'  r II 1 1 1 i 

Ilelaln.  (I{iiihiilitrs,  ^ 4.1IJ 

III  rust rifi's,  I.ain.  ; 

Joilii  III  III , I )efr.  ; 

Dijilliilhi,  ? Ai/n'ii, 

.Math.),  (Figs.  7:50- 
I'M  . Fxternally 
like  h’lliliiilltes,  hut 
witliollt  tlie  two 
hands ; valves  wit li 
a re-entrant  sinus 
between  the  teeth, 
whicli  tit  into  sejia- 

rate  pit.s  (d,  d'),  usually  joined  hy  a ridge  with  the  inner  margin  of  the  sinus;  the  two 


fio.  7.31. 

Portion  of  the  outer  shell  layer 
of  tlu‘  lower  valve  of  a Sfihocm^ 
Uti-s  or  Roiliolitcs  showiiiK  the 
large  hollow’  prisms,  (,'ret-ace- 
ous  ; Monte  Gargauo,  lUaly.  Vi- 


Kia.  732. 

Sjihio'nilltL’ii  foliaci’us,  Lam. 


Carentonian  ; 11« 


Anterior  ami  ])osterior  aihluctor  .scars  ; d,  d\  .\«* 
tcriorarid  posterior  grooverl  .sockets  for  the  ]>ro* 
cesses  f>f  the  u])]*er  valve  ; x,  jf , Knijfty  siiaces  of 
the  ligament  pits;  ?/,  Cavity  at  the  inner  end  of 
the  sinus,  -/a  (lifter  (ioldfuss). 
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depressions  (Fig.  732,  x,  x)  next  the  sinns  were  shown  hy  Petho  to  have  been  the  seat 
of  a ligmentary  connection  between  the  valves ; the  adductor  scars  {a,  a)  resenilile 
those  of  Eadiolites.  Widely  distributed  in  the  Middle  and  Upper  Cretaceous. 

Tlie  supj)Osed  genera  Dipilidia,  Birostrites,  and  Jodamia  are  based  on  internal 
casts  of  Eadiolites.  The  visible  submersion  of  the  ligament  in  some  Eadiolites  enables 
us  to  understand  how  the  stages  shown  by  Hippurites  have  arisen. 


Family  14.  Hippuritidae.  Gray. 

Shell  substance  of  two  layers,  the  external  porous,  grooved,  and  punctate ; the  inner 
lacunary  and  pirismatic ; exterior  with  sutures  coi'responding  to  an  '^anal”  and 
“branchial”  inflection,  and  sometimes  ivith  a ligamentary  suture  ; clithrum  formed  of 
two  processes  in  the  free  valve,  the  adductors  attached  to  myopjhores ; fixed  valve  with  one 
thin  laminar  process  ; the  adductor  scars  excavated,  the  anterior  adductor  duplex,  forming 
distinct  scars.  Cretaceous. 


Hippurites,  Lam.  (Figs.  733-737).  Lower  valve  cylindro-conic,  sometimes  a metre 
in  length,  attached  by  the  apex,  smooth  or  longitudinally  ribbed,  with  three  furrows 


Fig.  733. 


Fig.  734. 


Hippurites  Gosaviensis, 
Douv.  Upper  Cretace- 
ous ; Gosau  Valley, 
Austria, 


Hippuntes  Oppeli,  Douville.  Nefgraben,  near  Russ- 
bach,  Salzburg.  A,  B,  C,  Impressed  lines  bounding 
convex  vertical  areas  (columns)  corresponding  to  the 
region  of  the  hinge,  i/.i. 


Fig.  735. 


HippuTites  organisans, 
Month  Vertical  section 
of  a valve  below  the 
living  chamber,  show- 
ing the  septa  and  inter- 
septal  cavities  of  the 
middle  layer,  i/j. 


bounding  two  “ columns,”  or  columnar  areas,  extending  from  the  apex  to  the  upper 
margin  {A,  B,  G).  Upper  valve  depressed,  conic,  with  sub-central  umbo,  usually  with 
two  round  or  oval  foramina ; outer  surface  showing  pores,  the  apertures  of  short  canals 
which  join  larger  canals  radiating  from  the  beak.  The  thick  outer  layer  of  the  lower 
valve  is  usually  brown-coloured  and  made  up  of  thin  horizontal  strata,  which  are  in 
turn  composed  of  small  vertical  prisms.  The  white  inner  layer  is  porcellanous,  and 
sometimes  contains  vacant  spaces  in  the  lower  part  of  tlie  shell.  Three  prominent 
folds  are  present,  on  the  inner  side  of  the  shell,  formed  by  the  inbending  of  both 
layers  of  shell,  and  corresponding  to  the  external  grooves  {A,  B,  G).  Of  these  the 
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anterior  {A)  is  longer  and  tliinner  than  tlie  othei-s,  vhidi  are  tliickened  at  the  internal 
end  and  carry  a small  tnhercle  above.  In  the  two  sid)-genera,  d’Orhifjnyia,  Woodwanl 


Fid.  73«). 


Hiftpanirs  rndiosu?,  Dosni.  Ui>pt*r  Cretaceous  (Dordoiiian) ; Koyau,  (’liarcnte.  u,  Uppt^r  valve  (/I,  Sinus  of 
the  hinge  ; 7>,  C,  Grooves  corresiioinling  to  anterior  and  ])osterior  columns  of  the  lower  valve  ; r,  Anterior,  and 
«•',  (•",  Posterior  i>rocesses  of  the  clithriun).  h.  Interior  of  lower  valve  seen  from  above  (A,  Sinus  ; /i,  C,  Posi- 
tion of  anterior  ami  posterior  columns;  o,  o',  Adductor  scars;  d,  Socket  of  anterior,  ami  d\  d",  of  posterior 
jirocesses  of  clithnnn  ; e,  Body  chamber  of  shell  ; r,  Vacant  cavity  nedir  the  sinus).  (after  Bayle). 


{II.  hiloculuit,  Lain.),  and  JJatoliics,  Montl'oi't  {II.  oryanimnit,  Laji.),  the  anterior  sinus 
disajipears  entirely.  In  1‘ironain,  Menegh.,  a nnniber  of  acce.s.sory  folds  aj'pear  behind 

tlie  two  column.s.  According  to  Douville,  the  two  posterior 
columns  are  homologous  with  the  smooth  bands  of  Badio- 
litcn,  and  indicate  tlie  jiosition  of  the  sijihon.s.  Woodward 
siijijio.-^es  that  the  ]iit  (.r)  contained  tlie  internal  ligament; 
but  so  far,  remains  of  the  ligament  have  only  been  found 
in  the  liottom  of  the  outer  anterior  sulcu.s,  where  it  seemed 
to  form  a vertical  band.  'J'he  second  adductor  scar  is 
small,  and  located  between  the  sulcns  and  the  anterior 
column  {II).  The  clithi-um  of  the  ujiper  valve  is  e.xtremely 
diflicult  to  jn-epare,  and  is  known  in  only  a few  S2iecies. 
d’he  anterior  jirocess  shows  near  its  ba.se  two  tubercles 
{a,  a'),  which  corresjiond  to  the  divided  adductor  scar  of 
the  lower  valve.  Lehind  the  anterior  there  are  two  sujijile- 
mental  ])rocesse.s,  which  aiv,  received  into  the  sockets  d'  and 
d"  of  the  lower  valve.  The  sjiecies  are  very  abundant  in 
the  lUiddle  and  Lj)jier  Cretaceous,  and  occur  cliiefly  in 
littoral  shallow  water  dejiosits.  The  most  noted  localities 
are  the  Al]is  and  Pyrenee.s,  Provence,  Charente,  Istria, 
Dalmatia,  (Ireece,  Sicily,  Asia  Minor,  Persia,  and  Algiers. 

Ilarridtia,  AVoodward.  Cretaceous  ; Jamaica  and  Guatemala. 


737. 

// 1 rites  corn  u^rarri n n u\ , ( JoM  f. 
Upper (Jrelacpous;  (P)sau,  Austria. 
Vertical  sectifui  tlirouglj  botli 
valves  showing  the  interlocking 
clithrum  ami  relation  of  tlie  shell- 
layers. 
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Superfamily  7.  LUCINACEA.  Anton  temend.)  | 

Slid!  v:ith  the  anterior  nddiidor  scar  narrower., ‘jtrodaced.  vmtrally ; posterior  scar  !< 
shorter,  rounded  ; pallial  line  simple ; foot  elonyate,  suh-clavate ; hinye  feeble,  teeth  radial, 
often  obsolete. 

‘ I 
■ i 


ORDER  III 


TELEODESMACEA 


407 


Family  15.  Tancrediidae.  Eisdier. 

Shell  Donaciform,  cquivalvc,  with  an  external  ligament ; the  margin  of  the  valves 
entire ; hinge  with  posterior 
and  anterior  IcUerals,  the  latter 
inconstant ; cardinals  one  in 
the  left  or  two  in  the  right 
valve,  or  two  in  each  valve. 

Trias  and  Cretaceous,  ? Eecent. 

Tancredia,  Lycett  {Hettan- 
gia,  Terq. ; Palaeomija,  Zitt. 
and  Goub),  (Figs.  737,  738). 

Shell  sub -arcuate,  attenuated 
before  the  beaks,  ivider  and 
shorter  behind  them ; obliquely 
truncate  and  somewhat  gaping 
posteriorly ; a cardinal  tooth  on  each  side,  and  also  an  elongated  posterior  lateral. 
Trias  to  Cretaceous  ; maximum  in  Lias.  “ 

? Meelcia,  Gabb.  Cretaceous  ; California.  ? Hemidonax,  Mbrch  (Donacicardium, 
Vest).  Eecent. 


Tancredia  sccuriforrnis,  Diuiker  sp.  Lower 
Lias ; Hettingen,  Lorraine,  l/j  (after  Terquem). 


Fig.  739. 

Tnncredia  (Palaeo- 
mya)  corallina,  Zitt. 
and  Goub.  Coral- 
Rag;  Glos,  Calvados. 


Family  16.  Unicardiidae.  Fischer. 


Shell  cordiform,  equivalve,  closed,  concentricalhj  striated;  adductor  scars  elliptical, 
the  anterior  longer ; pallial  line  simple ; margin  of 
the  valve  smooth ; ligament  external,  piarivincidar,  seated, 
in  a groove;  with  a grooved  hinge  plate  hearing  a single 
obsolete  cardinal  in  each  valve,  or  none.  Carboniferous  to 
Cretaceous. 

Unicardium,  d’Orb.  (Fig.  740).  Founded,  inflated, 
with  incurved  beaks ; hinge  margin  thin,  with  a weak 
cardinal  tooth ; ligament  deep  - seated.  Trias  to  Cre- 
taceous. 

Scaldia,  Eyckholt.  Carboniferous. 

Pseudedmondia,  Fischer.  Ligament  completely  external. 


Fig.  740. 

Unicardium  excentricum,  iVOvh. 

Kiinineridsian ; Cap  cle  la  Hevc.  ^ .p 

near  Havre,  i/i.  ' CarLoniierous. 


Family  17,  Lucinidae,  Fleming. 

Shell  substance  porcellanous  or  chalky,  visually  tvith  inconspicuous  or  dehiscent 
epidermis,  rounded,  variably  sculptured;  valves  equal,  free,  closed,  loith  low,  prosocoelous 
beaks ; adductor  and  pedal  scars  adjacent  or  distinct,  the  latter  small ; anterior  adductor 
elongated,  largely  ivithin  the  pallial  line,  which  is  not  sinuate ; arecc  ivithin  the  pallial  line 
often  granular  or  punctate ; cardinal  area  small,  often  deeply  impressed;  ligament  and 
resilium  sub-internal,  set  in  a deep  groove,  but  usually  more  or  less  visible  externally ; 
hinge  plate  distinct ; lateral  laminae  distant  from  the  cardinals,  anterior  and  posterior 
in  the  right,  loith  corresponding  sockets  in  the  left  valve;  cardinal  teeth  radial,  formula 

the  posterior  tooth  larger  and  often  bifid,  but  any  or  all  of  the  teeth  moAj  be  obsolete 
or  absent.  Silurian  to  Eecent. 

Paracyclas,  Hall.  Eounded,  thin-shelled,  concentrically  striated ; no  lunule ; 
hinge  unknown.  Devonian. 
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Lucina,  Brug.  ("Figs.  741-744).  Rounded,  convex,  oi-  lenticular,  usually  with  a 


Fio.  741. 

Lucinci  (Milthn)  qignntra,  Eocene  (Calcaiiv  Grassier) ; Gri;;iion,  near  Paris,  '-/j.  ^ 

lunule  ; vitli  delicate,  concentric,  cr  more  rarely  radial  .scul])ture  ; dentition  usually 


Eio.  7-12. 

I.iirhw  )iiilchrci,  Zitt.  and  Goub.  Coral-PaK; 
Cilos,  Calvados,  -/j. 


I.iiniin  (Pi-iiluriiiii)pi-isra,  His.  Silurian;  Gottlaml. 
Internal  ca.st  (after  Uoeiner). 


normal,  tlie  laterals  develojied.  Hepre.sented  liy  u])tvards  of  300  fossil  and  100  recent 
.s]iecie.s.  ? Silurian,  Trias  to  Recent. 


Sub-genera:  Lucina  s..s.,  Lain.  179!1  {Loripc.i,  auct.)  Shell  smooth.  Adult  with  the 

teeth  and  posterior  radial  plication  of  the  valves  obsolete. 
Tertiary  and  Recent. 

1‘rolucina,  Dali  (Fig.  743).  Compressed,  arcuate, 
almost  rostrate  ; the  anterior  side  larger.  Silurian. 

Mjirtca,  Turton  (Fig.  744).  Rounded,  sub-equi- 

lateral ; teeth  and  posterior  fold  present.  Tertiary  and 
Recent. 

Cudakia,  Scoi)oli.  Compressed,  reticulately  sculp- 
tured. Tertiary  and  Recent. 

MiUha,  Adams.  (Fig.  741).  Compressed,  nearlj' 

smooth  ; laterals  absent,  cardinals  long,  feeble  (3.  2). 
Tertiary  and  Recent. 

Diyaricella,  Jfartens.  Rounded,  inflated,  valves  ornamented  with  angular  divergent 
jM'ooving.  Tertiarv  and  Recent. 


Fig.  744. 

Lnrinn  (M)/rico)  cohimhvlhi , I,.ain.  Mio- 
cene : .Steinabninn,  nciir  Vienna. 
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Family  18.  Corbidae.  Dali. 

Shell  differing  from  the  Lucinidae  in  being  transversely  oval,  thicJc,  u'ith  a hea  vy 
hinge  ploAe,  and,  visually  ivell-developed  laterals;  two  or  three  strong  cardinals  in  each 
valve  ; the  margin  of  the  valves  denticulate,  and  the  exterior  strongly  sculptured  ; ligament 
external,  the  adductor  scars  oval,  and  not  projecting  into  the  pallial  area.  Trias  to 
Kecent. 


This  family  is  an  offshoot  of  the  Lucinidae,  -with  which  it  is  commonly  nnited. 


Fig.  745. 

(ionoilon  Upper  Trias;  Sarize  am  Predil,  near  Raibl,  Tyrol.  Vi- 


Gonodon,  Scliafli.  {Corhis,  p.  p.  anct.),  (Fig.  745).  Eoimdecl,  plump,  concentrically 


striated.  Cardinals  ; sometimes  a weak  jiosterior  lateral  present.  Trias  and  Jnra. 


Corbis,  Cur.  {Fimhna,  Megerle  non  Boli.),  (Fig.  746).  , Thick -shelled,  oval,  inflated, 

reticulately  sculptured  ; each  valve  with  two  short 
cardinals,  and  anterior  and  jiosterior  laterals : 
adductor  scars  similar,  suh-efjual.  Jura  to  Decent. 

Sphaera,  Sow.  (Palaeocorbis,  Conr.)  Lower 
Cretaceous.  Sphaeriola,  Stol.  Trias  to  Cretaceous. 
Fimbriella,  Stol.  Chalk  of  Britain.  Corbicclla, 
Mor.  and  Lyc.  Jura. 


Fii;.  74i5. 


Corhis  lamellosa,  Lam.  Eocene  (Calcaire 

Glossier);  Grignon,  near  Paris,  l/j.  Mutiella  coarcto.ta,  Zitt.  Turonian  ; Gosau,  Austria,  i/j. 


Mutiella,  Stol.  (Fig.  747).  Anterior  cardinal  border  corrugated,  upturned  ; 
posterior  rectilinear,  horizontal,  with  a feeble  lateral  tooth.  L pjier  Cretaceous. 


Family  19.  Diplodontidae.  Dali. 

Shell  sub-circular  in  outline,  rarely  nestling  and  irregular;  hinge  with  the  laterals 
obscure  or  absent,  and  the  valve  margins  plain  ; the  adductor  scars  continuous  peripher- 
ally ivith  the  pallial  line  ; soft  parts  like  the  Lucinidae,  but  with  the  external  limb  of  the 
gills  d.eveloped,  and  the  anal  foramen  not  tubular.  1 Jura,  Cretaceous  to  Recent. 
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Diplodontn,  Broun  (Fig.  748).  Tliiu-slielled,  orbicular,  convex,  concentrically 
striate  or  juistulo.'^e  ; cardinals  2.  2,  tlie  left  anterior  and  riglit  posterior  bifid  ; lateral.s 

ol)SCure  or  absent.  Tertiai-y  and  Kecent. 

Unrjulina,  Daudin.  Nestling  and  often 
irregular.  Felania,  Recliiz.  Shell  compressed ; 
feeble  laterals  iiresent.  Axinopsis,  Sars  ; Sphac- 
rellu,  Tenea,  Conrad.  Cretaceous  to  Recent. 


Fir,.  74S. 


Family  20.  Cyrenellidae.  Fischer. 


Di I'hidoiiUt  (UhiliiUi  I’liill.  PliociMir  ; cn  ii  • ti  ■ ; 7 j 77  ’17 

liiiodHs.  i/j.  Shell  as  t/i  Dijilodonta,  but  with  a con- 

spicuous epidermis;  pallial  area  smooth ; paUial 
line  not  sinuate;  himje  without  lateral  laminae;  the  cardinals  like  Dipilodontu, 
or  with  two  cardinals  in  each  valve  soldered,  to  each  other  d or  sally ; cardinal  formula 

anterior  left  cardinal  usuallu  obsolete.  Pliocene  to  Recent,  in  fi'e.sh  or 

K.101010 
brackish  water. 


Cyrenoidea,  Joannis  (Cyrenella,  Desh.)  Pliocene  of  Florida,  Recent  in  the  Antilles 
and  West  Africa. 

Joanni.siella,  Dali.  Hinge  as  in  Diplodonta,  resilium  immei-sed,  the  larger  cardinal 
bifid,  the  teeth  not  soldered  above.  Cardinal  formula  Recent;  Philii)pine.s. 


Family  21.  Cryptodontidae.  Dali. 

Shell  substance  earthy,  with  inconspicuous  epidermis  and  jirejsoroelous  beaks;  valves 
equal,  free,  closed,  with  plain  rnaryins,  .smooth,  or  with  feeble 
concentric  striae,  and  usually  with  a radial  jiosterior  fle.rure ; 
adductors  Lucinoid,  pallial  area  often  jiunctate ; liyarnent  and 
resilium  parivincular,  opisthodetic,  sub-external,  seated  in  a 
ijroove ; area  impressed;  hinye  feeble  without  lateral  laminae, 
edentulous,  or  with  an  obsolete  cardinal  tooth  in  the  riyht  valve. 

Cretaceous  to  Recent. 

Cryptodon,  Turton  (!  Axinus,  Sow.;  Conchocele,  Cabb), 

(Fig.  749).  Smooth,  thin -shelled,  living  in  deep  water. 

Cretaceous  to  Recent, 

Fhilis,  F'isch.  Lumdc  deejily  indented,  jirojecting  sjioon- 
like  into  the  cavity  of  the  valves.  Recent. 

Superfamily  8.  LEPTONACEA.  Dali. 

The  inrurrent  and  c.rcurrent  openinys  between  the  mantle  lobes  at  oppo.site  ends  of  the 
body,  the  former  anterior. 

This  group  contains  a great  many  commensal,  nestling,  or  parasitic  forms  ; if  indepen- 
dent usually  very  active,  crawling  like  Oastropods  on  a sub-reptary  foot,  and  with  the  mantle 
edges  more  or  less  rellected  over  tlie  valves. 

Family  22.  Leptonidae.  Dali. 

Shell  ccllulo-crystallinc  with  a pieriostracum ; valves  equal,  free,  srnooth-edyed,  often 
yapiny,  variably  sculptured  ; adductor  scars  p)eripheral,  sub-eqiial ; palh'al  line  simple; 
area  obscure  or  none;  liyarnent  parivincular,  opisthodetic,  external,  often  obsolete; 
resilium  usually  internal,  sub-umbonal  or  oblique;  hinye  plate  narrow,  channelled  to 
receive  the  resilium;  hinye  variable,  normally  consistiny  of  one  or  two  radiating 


,1  It 


Fio.  740. 

.1,  Crjijiloilon  sinuoatis,  Don. 
.Miocene ; Grnnd,  near  Vienna. 
'/|.  ]l,  C.  unimrinuliis,  Nyst. 
( iiiROcene  (.Septaria  - clay) ; 
Freienw.alde,  near  Berlin. 
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cardinals  and  a pair  of  lateral  laminae  in  each  valve,  the  anterior  laminae  often  absent, 
and  the  posterior  frequently  closely  adjacent  to  the  resilium, 
simulating  cardinals.  One  Ci’etaceons,  and  a number  of 
Tertiary  and  Eecent  species. 

Erijcina  (Lam.),  Fischer  (Fig.  750);  Kellia,  Turton  ; 

Pythina,  Hinds ; Lasea,  Leach ; Lepton,  Turton  ; Erycinella, 

Conrad  ; Spaniodon,  Eeuss ; Fabella,  Conrad.,  etc.  Tertiary 
and  Eecent. 

Family  23.  Galeommidae.  Gray. 

Shell  vhthout  a perceptible  epidermis ; valves  eauaL  free,  , , ^ 

. , , . ,,  , . ’ A,  Eryclna  ixllveida,  Lam. 

Widely  gaping  ventralty,  smooth,  or  variably  sculptured;  Caicaire  Grassier ; Fames.  B, 

adductor  scars  distant,  oval;  pallial  line  °Eoce.fr/^ 

simple;  ligament  usually  obsolete,  resilium  Greatly  enlarged  (after  De- 
internal,  sub-umbonal,  or  oblique,  attached 

to  an  excavated  chondrophore  in  each  valve;  hinge  pilate  hardly 
developed;  laterals  obscure  or  absent;  one  or  two  cardinal  teeth  in 
each  valve  or  none.  Tertiary  and  Eecent. 

Scintilla,  Desh.  (Fig.  751)  ; Galeomma,  Turton  ; Passyia, 
Sportella,  Desh. ; Hindsiella,  Stol. ; Ephippodonta,  Tate,  etc. 
Tertiary  and  Eecent. 

Family  24.  Chlamydoconchidae.  Dali. 

Shell  cellulo-crystalline  without  an  epidermis,  comprising  the  prodAssoconch  with 
narroiv,  long  laminar  accretions,  very  small ; valves  wholly  internal,  not  connected,  con- 
tained in  laterodorsal  separate  capsules,  ivithout  hinge  or  hinge  plate,  not  attached  to 
muscles  or  ligament ; ligament  absent,  resilium  sepccrately  encapsuled  between  the  obsolete 
valves,  functionless.  Eecent;  California. 

The  genus  Chlamydoconcha,  Dali,  is  evidently  the  last  term  in  a series  lieginning 
with  forms  like  Lepton,  and  continued  by  Galeomma  and  Ephippodonta,  but  the 
specialisation  has  been  carried  so  far  that  it  may  well  be  regarded  as  the  type  of 
a distinct  famil}'. 

Family  25.  Kelliellidae.  Fischer. 

Shell  with  a p>eriostracum ; valves  equal,  free,  closed,  smooth  externally  luith  plain 
margins;  pallial  line  simple;  area  obscure  or  none;  ligam.ent  external,  parivincular ; 
resilium  external  or  slightly  sunken ; hinge  plate  narrow,  entire,  tuith  one  or  two 
cardinals,  and  a single  anterior  lateral  placed  above  the  anterior  cardinal  tooth.  Tertiary 
and  Eecent. 

Kelliella,  Sars  ; Lutetia,  De.sh. ; I Allopagus,  Stol.;  Turtonia,  Forlies.  Eocene  to 
Eecent. 


Fig.  751. 

Sointilla  Parisiensis, 
Desh.  Upper  Eocene ; 
Anvers,  near  Paris. 
(after  Deshayes). 


Fig.  750. 


C.  CrCLODONTA. 

Teeth  arched,  springing  from  beloiu  the  hinge  margin,  loitli  the  hinge  pilate  obscure  or 
absent. 


Superfamily  9.  CARDIACEA.  Lamarck. 

Lobes  of  the  mantle  free  behind  the  siphons,  foot  elongate,  geniculate ; sculptture  of 
the  shell  chiefly  radial ; cardinal  teeth  conical,  the  lateral  laminae  short,  distant  from  the 
cardinals. 
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Family  26.  Cardiidae.  Fisclier. 

Hhell  .‘tii.hfitKnce  ceUiilo-rriisfuIline,  v;ith  the  external  layer  more  or  less  fuhidar  ; valves 
eyual,  free,  yajnnrj  sUylitly  hehind,  the  heals  j)rosncoelous,  the  maryins  usually  serrate  or 
radially  striated;  adductor  scars  suh-equal,  the  qiedal  distinct  and  usually  distant; 
hyarnent  and  resilium.  parivincular,  external,  short,  set  in  a yroove ; area,  obscure;  com- 
plete hinrfe.  armature  consistiny  of  an  anterior  and  posterior  lateral  in  the  left,  and  tiro 


-I  /; 


CtinUiiii}  j>roihirfiiii}y  .Sow.  Tiironian  ; .St.  (;il;ii*n,  Salzburg.  Vi- 


anterior  and  one  jiostcrior  lateral  in  the  riyht  valve,  any  or  all  of  which,  may  be  absent ; 

cardinal  formula  the  teeth  simple,  smooth,  never  bifid,  one  cardinal  in  each  valre 

liOlOl 

usually  jicrsistent,  the  others  inconsta nt.  Trias  to  Ilccciil. 

t'ardinm,  Linn.  (Figs.  7.')2-7.’)4).  Coidato,  inllati‘(l,  radiately  iil)l)(>(l  or  striated, 


753. 

Pratficai'iUti  hifrons, 
R»*  11  ss.  T n ro n i a ii  ; 
Strobl-Wfissenliacl)  am 
Wolf^'ungspt*,  Austria. 


Fro.  754. 

(jinliinn  (Jtii^rorx)  (HscrcjKi Bast.  Miocone;  Dax,  near 
Bnnleaux.  i/i* 


witli  ])rominent  lieaks.  Represented  liy  aLout  200  recent  and  over  100  fossil  species. 
Trias  to  Recent. 


A very  large  luiinlier  ot  sub-genera  and  .section.s  liave  lieen  proposed,  based  chiefly  on  the 
external  scnl])ture.  Some  of  tlie  more  cons[>icuou.s  groups  are  the  following  : — 

Protocardia,  Beyr.  (Fig.  753).  Cretaceous.  Discors,  iJesli.  (Fig.  754)  ; Laevicardium, 
Swains.;  S'erripes,  Beck;  Jlcmicardiurn,  Cuvier;  Papyridca,  Swains.  Tertiary  and  Recent. 
PJidacna,  Eichwald,  estuarine,  leads  toward  the  next  family. 
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Family  27.  Adacnidae.  Dali. 

Like  the  Cardiiclae,  but  thin-shelled,  with  long  united  siphons,  a short  compressed 
foot,  a pcillial  sinus  and  obsolete 
hinge  armature,  living  in 
brackish  or  fresh  ivater.  Ter- 
tiary and  Eecent. 

Adacna,  Eicliw.  Shell 
elongate  oval,  truncate  behind, 
gaping  at  both  extrendties ; 
siphons  very  long,  pallial  sinus 
deep.  Miocene  and  Eecent  in 
Caspian  Sea. 

Limnocardium,  Stol.  (Fig. 

755).  Cardinals  weak,  laterals  strong,  distant,  pallial  sinus  moderate,  shell  closed 
anteriorly.  In  brackish  Miocene  beds,  esjiecially  the  Sarniatic  and  Pontic  horizons 
of  Eastern  Europe,  and  in  estuaries  of  tlie  Aral,  Black,  and  Caspian  Seas. 

Sub-genera;  Prosodcicna,  Tourn.  (Fsilodon,  Cob.);  Monodaaia,  Eicliw.;  Uniocardiurn, 
Capell.  ; Arcicardium,  Fischer. 


Limnocardium  con ju ncjcns, 
Bi'uim,  near  Vienna,  i/i. 


Fio.  755. 
Partseli. 


Pliocene  (Congeria  Stage) ; 


Superfamily  10.  TRIDACNACEA.  Menke. 

Soft  parts  rotated  forioard  nearly  180°  ivith  relation  to  the  valves  as  compared  with 
normal  Pelecypods,  the  anterior  adductor  wanting,  and  the  posterior  nearly  central  in  the 
shell;  cardinal  teeth  lamellar,  oblique. 

Family  28.  Tridacnidae.  Cuvier. 

Shell  very  densely  porcellanous,  ivith  no  visible  epidermis;  valves  equal  free,  ivith 
a byssal  gape,  radially  sculptured,  with  serrate  margins  and  prosocoelous  beaks;  ligament 
and  resilium  as  in  the  Cardiiclae;  hinge  with  a single  oblique  cardinal  in  each  valve,  a 
single  posterior  lateral  in  the  left,  and  two  in  the  right  valve.  Eocene  to  Eecent. 

Byssocardium,  Mun.-Chalm.,  and  Lithocardium,  lYoodw.,  of  the  Eocene,  are  per- 
haps precursors  of  the  recent  Tridacna,  Brug.,  and  Hippopus,  Lamarck. 

Superfamily  11.  ISOCARDIACEA.  Dali. 

Lobes  of  the  mantle  closed,  except  for  the  pedal  and  siphoned  openings,  smooth,  double- 
edged;  foot  short,  compressed ; sculpture  of  the  shell  faint  or  concentric ; cardined  teeth 
lamellar,  parallel  ivith  the  hinge  margin. 


Family  29.  Isocardiidae.  Gray. 

Shell  substance  cellulo-crystcdline,  the  externed  layer  not  iubulcde,  with  a onarked 
epidermis;  valves  equal,  free,  rotund,  completely  closed,  with  plain  margins  and  piro- 
minent  prosogxyrous  beaks ; adductor  scars  sub-equal ; peeled  sever  adjacent ; area  not  dis- 
tinctly limited;  ligament  and  resilium  external,  parivincular,  set  in  a deep  groove,  con- 
tinuous to  the  beaks;  complete  armature  of  the  hinge  ivith  an  inconstant  posterior  lateral 
in  each  vedve,  and  rarely,  an  anterior  latered  close  to  the  cardinals ; cardined  formida 

Liom  lamelliform,  and  veni  variable  in  details  of  form.  Jura  to  Eecent. 

ROlOl’  j , j 

, Many  species  have  been  referred  to  this  group  solely  on  account  of  their  having  gyrate 
' beaks.  The  Palaeozoic  and  many  Mesozoic  species  so  referred  must  be  separated  from 
Isocardia. 
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Isocardia,  Lam.  (Figs.  75fi,  757).  Intlated,  smooth,  or  concentrically  striated  ; 
beak.s  distant,- much  produced,  jirosogyrate.  Jura  to  Recent. 


liiK-iii-iUii  sh  iiihi,  (l'i)rb.  I’ortUindian  ; C'irey,  Ilaute-.Mariie  (after  I.oriol). 


Muiocardia,  Adaiius.  Keeled,  concentrically  ribbed.  Tertiary  and  Recent. 
2 Clisocolus,  Gabb.  Cretaceous;  North  Amei'ica. 


I’KJ.  7.'j7. 

Hin^e  of  Is(n-onllft  Immbftn,  Xyst.  (’rag;  Antwerp. 


Family  .'10.  Callocardiidae.  Dali.  . 

Sill'll  as  in  tin-  Isociirdiidiu’,  hat  with  low  and  inconqncuo us  beaks,  the  valves  more  eloivj- 
atcd,  and  tin-  liinnle  didiniited  Inj  a sliarii  ijraave ; cardinal  formula  jJjqPqjq-  Tertiary 
and  Recent.  ! 

Calloijonia,  Dali.  I’allial  Hue  deejtly  siuuatwl,  and  a distinct  anterior  lateral  close  \ 
to  the  cardinal  teeth.  Recent  ; altyssal. 

Cullocardia,  Adams.  Rounded  or  Tajietiform,  compre.s.sed,  or  not  intlated,  witli 
low  inconspicuous,  uou-gyrati-  beaks.  Eocene  and  Recent. 

D.  Tkleodoxt.v. 


'The  most  perfected  tii/ie  of  modern  teeth,  to  which,  in  addition  to  the  normal  (10101) 
cardinal  series  of  the  ordinarij  Tideodesmacca,  there  is  added  in  the  most  sptecialised  types 
iVcneridae,  ilactridae)  cither  a rouyhencd  area  (^Tnus),  a series  of  extra  cardinals 
(Tivela),  or  accessory  lamellae  (Mactra),  renderinij  the  hinye  more  efficient,  or  complicated. 

The  hinye  characters  of  the  less  specialised,  forms  hardly  differ  from  the  Diogenodonta, 
hut  they  are  yrouped  here  on  account  of  their  obvious  affinities,  us  shoion  by  other  i 
cha  racters.  j 

Superfamily  12.  VENERACEA.  Menke.  j 

Tclcodonts  with  normal  yills  united  to  form  a complete  anal  chamber,  the  mantle  ;i 
lobes  free  behind  the  siphonal  reyion,  sub-equal  adductors,  an  external  piarivincular  liya-  D 
ment  seated  in  a yroove,  and,  the  shell  substance  densely  cellulo-crystalline  with  incon- 

spicuous  epidermis.  Complete  hinye  formula  xOxOlOlOl  2(’  v:hich  a large 

part  is  usually  deficient. 
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Family  31.  Veneridae.  Leach. 


Valves  equal,  free,  closed,  with  •prosogyrous  beaks,  variably  sculptured,  with  the 
margins  more  or  less  dentate,  except  in  the  smooth  species;  adductor  scars  peripheral, 
•pedal  distant ; pallial  sinus  more  or  less  sinuated,  area  very  distinct ; resilium  usually 
external,  embraced  by  the  ligament;  hinge  pilate  developed.;  formula  of  the  cardinals 

KOI 0^1’  ^ single  obsolete  lateral  in  one  valve;  the  cardinals  frequently  bifid, 

usually  radially  disposed  and  sub-equal  in  size,  except  the  posterior  left  one,  v:hich  is  often 
obsolete  or  obscure;  supplementary  cardinals  or 
rugosities  are  present  in  specialised  forms.  Jura 
to  Recent ; maximum  in  Tertiary  and  later. 


The  family  must  be  divided  into  at  least  four 
sub-families,  as  follows  : — 

a.  Vencrinac : typical,  with  produced  siphons, 
not  byssiferous,  the  young  not  retained  within  the 
mother  after  leaving  the  egg. 

h.  Circinae  : with  separate  short  siiihons,  correla- 
tive nearly  simple  parallel  line,  sub  - internal, 
partially  amphidetic  resilium,  and  compressed  beaks. 

c.  Tapetinac : with  long  but  i)artly  separated 
siphons,  a byssus  present  at  least  in  the  young  ; 

I hinge  with  no  lateral  teeth,  otherwise  like  the 
Venerinae. 

d.  Gemniinae : minute  shells,  with  more  or  less 
separated  siphons,  no  byssus,  obsolete  lateral  laminae, 
and  sheltering  the  nepionic  young  within  the  cavity 
of  the  mother. 


Fl(i.  T5S. 

Cifpriihcria  iliscus.  Math.  sp.  Upper  Cre- 
taceous ; Gosau  Valley,  Austria. 


a.  Pronoella,  Eiscli.  (Pronoe,  Ag.  non  Guth'. 

Men.)  Compressed,  pallial  sinus  very  shallow  ; 
a posterior  lateral  and  three  cardinals  in  each 
valve.  J nra. 

Gyprimeria,  Conr.  (Fig.  758).  Like  the  preceding,  hut  the  right  valve  with  only 
two  cardinals,  the  hinder  one  bifid  ; pallial  sinus  very  shallow.  Cretaceous. 

Dosinia,  Scop.  {Artemis,  auct.)  Orbicular,  lentiform,  concentrically  sculptured, 

with  a dee]),  well-marked 
lunule;  cardinals  3:3;  pallial 
sinus  deep,  ascending,  pointed. 
Cretaceous  to  Recent. 

Cyclina,  Desh.  Cretaceous 
to  Recent.  Sunetta,  Link 
(Mero'e,  Schum.) ; Grateloupiia, 
Desm.  Tertiary  and  Recent. 

J~enus,  Linn.  (Fig.  759). 
Oval  or  rounded,  plump, 
cordate,  thick ; concentrically 
or  radially  scul])tured,  with 
denticulate  margins ; hinge 
])late  broad,  with  three 
cardinals  in  each  valve  and  no  lateral  teeth ; pallial  sinus  short,  angular.  J ura 
to  Recent ; represented  Ijy  about  200  fossil  and  as  many  recent  species.  Very 

numerous  sub-divisions  have  lieen  proposed  ; Venus  s.  s.  is  typified  l>y  V.  mercenaria, 
Lam. 


Venus  cincto,  Eichw. 


Fig.  759. 

Miocene  ; Gaiufahrn,  near  Vienna. 


Meretrix,  Lam.  {Cytherea,  auct.),  (Figs.  760,  761). 
Tertiary  and  Recent. 


Hinge 


with  lateral  teeth. 
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Tivelu,  Link.  Hinge  -witli  su2)plenientary  cardinals.  Miocene  to  Recent. 


Fid.  TOO. 

seinisulcat'i,  Imuii.  Eo* 
I’eno  ; near  Paris. 


Fk;.  701. 

McretrU  incroA'i(it<(,  Sow.  Oligocene;  Weinheim,  near  Alzey. 


h.  Circe,  Scliiun.  (Fig.  762).  Unikones  coni2)res.sed,  scnli)liire  often  divaricate, 
ligament  immersed.  Tertiary  and  Recent. 

Sub-genu.s  Gouhlia,  Adams.  Small,  concentrically  .striated.  Eocene  to  Recent. 


Ptijchoriuja,  Agassiz.  Cretaceon.s. 
c.  Tapes,  Megerle  ( I’ullastra,  Sow.),  (Fig. 
narrow  lunge  ])late, 
laterals,  and  deej) 
about  150  living 


763).  IMore  or  le.ss  elongate,  oval,  with 
divergent  and  often  bifid  cardinals,  no 
jiallial  sinu.s.  Ci-etaceons  to  Recent; 
sjiecies. 


I'lc:.  TliC. 

r i rvf  r X i iti  i e, 
lluernes.  Miocene; 
K n zi's  fe  1 il,  near 
Vienna. 


Kne  703. 

Titju  .-i  ijfi  iinrin,  Partscll. 

Sannatian  Staye ; Wiesen. 

near  Victina. 


Fin.  7(14. 

Tifjit'i:  (Hnroilii)/raiiilig,  d'Orb.  .s]).  Ulijier 
('retace(jus  ; Gosan,  Austria. 


Of  the  mmierous  sub-genera  Jlarmla  (Fig. 


Fna  7(1.7. 

T'<ljrs  (IsciDioliii)  impar,  Zitt.  Upicr  Cretaceous ; 
(losan. 


(}.  Gemma,  De.sli. ; Parastarte,  Conr. ; 
Recent. 


7()1)  and  Iscaautia  (Fig.  76.5),  Stol.,  from  the 
Cretaceous,  are  remarkable  for  their  elonga- 
tion and  the  ridge-like  form  of  the  jiosterior 
cardinal. 

Oncophora,  Rzehak.  Differs  from 
Tapes  in  having  a very  short  jndlial  sinus, 
and  the  anterior  iiddnctor  scar  bounded  liy 
;i  ridge.  Miocene  brackish  water-beds. 

Veneriipis,  L;un.  Cardinal  teeth  2:2-3, 
strong;  a borer  or  nestler,  often  deformed 
Tertiary  and  Recent. 

Psephis,  Car]).  Minute  shells.  Eocene  to 
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Family  32.  Petricolidae.  D’Orbigny. 

Valves,  ivhen  not  distorted,  equal,  free,  somewhat  ijaimig  hehind,  radiateh/  sculptured 
with  plain  margins  and  inconspicuous  'beaks ; 'posterior  adductor  scar  larger  than  the 
anterior,  pedal  narrow,  elongated,  distinct;  ligament  a'nd  resiliu'in  e'xternal ; area 
obscure  or  not  defined;  hinge  ivithout  lateral  laminae,  ivith  two  or  three  small,  usuall 
bifid,  radial  cardinal  teeth  in  each  valve.  Cretaceous  to  Kecent. 

Petricola,  Lam.;  Ghoristodon,  Jonas;  and  Naramlio,  Gray,  are  the  principal  forms. 

The  family  Glaucomyacidae,  of  estuarine  or  tlm-iatile  hal>it,  ap})ears  to  he  related 
to  Petricola,  and  includes  the  recent  Glaucomga  (Bronn),  Wood^vard,  and  Tamjsipho'n, 
Benson. 

Superfamily  13.  TELLINACEA.  Blainville, 

S'iphons  distinct  to  their  bases,  usually  long ; pallial  line  sinuate;  ligament  external, 
seated  on  nymphs;  hinge  normally  ivith  an  anterior  cmd  posterior  lateral  in  each  valve, 
two  radial  cardinals,  of  'which  the  anterior  is  commonly  bifid  and  somewhat  'pedunculated, 
and  the  posterior,  as  well  as  the  laterals,  often  obsolete. 


Family  33.  Tellinidae.  Desliayes. 

Shell  substance  cellulo-crystalline,  ivith  an  inconspicuous  epidermis;  valves  slightly 
\ unequal,  free,  rounded  in  front,  more  or  less  rostrate,  oblique,  and  gaping  behind,  com- 
' pressed,  usually  with  smooth  margins,  low  beaks,  wild  'variable,  chiefl.y  concentric  sculpture; 
anterior  adductor  scar  larger,  frequently  irregular ; pedal  distinct ; resilium  e'lnbruced  in 


Fig.  7t)6. 

Tellina  plannbi,  Dam.  Miocene ; Potzleins 
<iorf,  near  Vienna. 


Fig.  767. 

Tellina  rostralhui,  Desh.  Eocene  Hamery, 
near  Epernay. 


Fig.  768. 

Tdlina  (lAncarut)  hiradiata,  Zitt.  Upi'er 
Cretaceous  ; Gosan,  Austria. 


the  ligament^  sab-external ; area  narrow^  small^  covered  ivith  a dark  epidermis^  or  fre- 
guenthj  obsolete;  hinge  ;plate  narrow^  anterior  laterals  a^yproximate^  posterior  more 
distant  from  the  cardinals,  when  p'resent ; cardinal  teeth  small;  pallial  sinus  deep, 
discrepant  in  the  opipjosite  valves.  Jura  to  Kecent. 

Tellina,  Liim.  Elongated,  the  rostrum  more  or  less  twisted  ; two  lateral  teeth  in 
eacli  valve.  Jnra  to  Recent. 

Sub-genera:  'Tellina  s.s.  (Figs.  766,767),  Morch ; Strigilla,  Tmton  ■,  L'incaria, 

hour.  (Arcopagia,  d’Orb.),  (Fig.  768),  etc. 
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Mncomn,  Li-acli.  Anal  siplion  long,  l)i-anchial  wry  short,  hinge  without  laterals; 
shell  smooth,  less  elongatisl  than  in  Telliim.  Tertiary  and  Recent. 

(fdstruna,  Schuin.  (Fruiiilia,  Desh.i  Miocene  anil  Recent. 

Mor.  and  Lyc.  Long,  oval,  obliquely  truncate  behind  ; beaks  low, 
jiallial  sinus  .shallow,  only  a single  cardinal  tooth  present.  Jura. 


Family  34.  Semelidae.  Dali. 


tin;  Telluiuhu;,  but  with  t|^e  resilium  internal,  often  on  a distinct  chondro- 
2>lujre,  and  with  the  lajerals,  when  present,  stronijer  and  less  distant.  Tertiary  to  Recent. 

Seinele,  Schum.  (A  mphidesina,  Lam.)  Shells  large,  rounded,  thick,  often  conspicu- 
ously .sculptured  ; 1 0()  s])ecies.  'rertiary  and  Recent. 

Cnmintiia,  Sow.  Small,  thin,  with  a sjioon- 
like  chondi'ophoi-e  ; habit  nestling.  Tertiary 
and  Recent. 

Scrohicnlaria,  Schum.  Differs  from  Semele 
in  Inn  ing  no  lateral  teeth.  Tertiary  and  Recent. 

Ahra,  Leach  (Sijndusmija,  RiTduz),  (Fig.  7(J9). 
Smooth,  small,  thin  ; cardinals  -2  : 2,  an  anterior 
and  posterior  lateral  jireseiit  ; chondroj)hoie 
narrow,  obliipie,  not  separated  from  the  hinge  line.  Tertiary  and  Recent  ; chiefly  in 
deep  water. 


Ahru  fiin’li/iOf  Ut*ii. 
near  Vienna. 


Family  3o.  Psainmobiidae.  Dali.  ^ 

Shell  as  in  the  Tellinidae,  hat  nsiailhi  more  e^niralre.  and  less  twisted,  with  more  ii 
ronspicHuns  epidermis  and  niiiiqjhs,  broader  him/e 
plate,  and  a wider  posterior  ijajJe ; lateral  laminae 
on  the  hiiKje  wanting,  and  the  cardinals  sometimes 
three  in  one  valve;  liijament  e.rternal  and  cons^jicaons : 
no  dejineil  area.  Tertiary  and  Recent. 

J'saminubia,  Lam.  (Oari,  Schum.',  n"'  ig.  770). 

(?)  Cretaceous.  Tertiary  and  Recent. 

Pliorhijtis,  Conrad  ; Asaphis,  Modeer  ; Sani/wino- 
laria,  Lam.;  and  Heterodona.e,  Murch.  d’ertiarv  and 
Recent. 

Family  3fi.  Donacidae.  Deshayes. 

J^alves  eipual,  free,  snlj-triijonal,  nsnallij  closed, 
solid : outer  surface  and  inner  marijiiis  smooth  or 
radialhj  sculptured,  the  piosterior  end  usnallij  shorter 
and  obliqaelij  sub-truncate ; pallial  sinus  similar  in 
sometimes  amphidetic ; liijament  short,  external,  seated  in  a deep  jroove,  opisthodetic ; 
hinje  jilate  moderatclij  deceloped,  asuullj  with  a jmsterior  and  anterior  lateral  in  the 

rijht,  and  correspondinj  sockets  in  the  opiposite  valve:  cardinal  forrnnla 

stronjest  cardinal  tooth  often  bijid.  Lias  to  Recent.  j 

4 

The  resilium  is  chiefly  opisthodetic  and  sub-internal,  but  some  of  the  large  species  have  a 1 
small  segment  of  the  resilium  separate  from  the  rest,  wholly  internal,  and  in  front  of  the  f 
beaks. 

Isudonta,  Ruv.  {Sov:erbja,  d’Orb.)  Sub-.symmetrical,  convex,  laterals  strong,  pallial  ; | 
sinus  deej).  .Jura.  > 


a 


l''io.  770. 


Pmituniihiii  effuna,  Desli.  Koeeno  (Cal- 
caire  (iiiissier) ; I’anies. 

both  valves;  resilium  sub-internal, 
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Donax,  Linn.  (Fig.  771).  Anterior  side  longer,  laterals  weak.  Upper  Eocene  and 
Eecent ; about  100  species.  Sub-genus  Iphigenia, 

Schuni.  Recent. 

Egeria,  Lea.  Lou'er  Eocene. 


Superfamily  14.  SOLENACEA.  Lamarck 

(emend.) 

Fig.  771. 

Dwellers  in  soft  sea-bottom,  narrow,  elongated,  Dnnnj;  ?««*/,  Eiclnv.  Miocene  (Sarmatian 
7 . 7 7 • • . T x7  7 X ± Stage);  Wiesen,  near  Vienna. 

iv,odiJied  jor  burrowing^  gaping  at  both  ends ; joot 

elongated,  distalbj  modified  to  serve  as  a piston  or  stilt  vnthin  the  burrow  ; hinge  without 
lateral  laminae. 


Family  37.  Solenidae.  Leach. 

Shell  substance  as  in  Tellina,  but  the  external  layer  showing  its  cellular  structure 
more  clearly ; luith  a pronouncedj  epidermis;  valves  equal,  free,  usually  truncate  at  both 
ends,  and  more  or  less  inequilateral,  icith  low  heahs,  smooth  margins,  not  rostrate,  smooth 
or  feebly  sculptured  ; adductor  scars  narroic,  elongate,  dorsally  distributed,  pedal  distinct; 
I pallial  sinus  small  in  species  vnth  anterior  mnbones,  and  vice  versa  ; ligament  and  re- 
I silium  external,  parivincular,  seated,  on  nymphs;  area  obscure  or  none;  hinge  plate 
j hardly  developed,;  hinge  often  ivith  a thickened,  ray  crossing  the  valves  and  serving  as  a 
I buttress;  cardinals  varying  from  one  to  four  in  each  valve,  usually  a single  slender 
radial  laminar  cardinal  in  the  right,  a,nd  two  in  the  left  valve,  with  or  without  one  or 
\ two  placed  parallel  ivith  the  hinge  margin,  simulating  laterals;  radial  teeth  usually 
I more  or  less  pedunculated,  rarely  bifid.  Devonian  to  Eecent. 


The  Silurian  forms  heretofore  referred  to  tliis  family  do  not  seem  to  belong  to  it,  but 
Palaeosolen,  Hall,  is  scarcely  distinguishable  externally  from  some  modern  forms  ; its  hinge, 


Soleyi  xubfnu/ilis,  Bicliw.  Miocene  (Banna- 
tian  Stage) ; Pullendorf,  Hungary. 


Cidtellus  Grignoneiisis,  Desli.  Calcaire 
drossier  ; Grignon,  near  Paris. 


j however,  is  unknown.  Tlie  species  of  this  family  are  mostly  much  modified  for  a special 
! mode  of  life,  hence  the  variability  in  certain  features,  sucli  as  the  siphons,  foot,  and  fernia- 

ture  of  the  mantle  lobes.  Novaculina  has  been 
naturalised  in  fresli  water,  and  Tagelus  appears  to 
prefer  estuaries. 

Solen,  Linn.  (Fig.  77:1).  Scabliard  - shaped, 
straight,  tvith  terminal  beaks.  Among  the  numer- 
ous sub  - genera  are:  Ensis,  Sebum.;  Pharclla, 
Gray;  CVatisolm,  Forbes  ; Sih'i/ita,  Jlegerle  ; Gul- 
Fio.  774.  tellus.  Sebum.  (Fig.  773).  Tertiary  and  Eecent. 

Sokcurtiis  (Macha)  Deshayesii,  \)esm.  Cal-  Palaeosolen,  Hall.  Devonian.  Leptosolen, 

caire  drossier ; Grignon,  near  Pans.  l/j.  ^ i ^ 

I OoiirtUi.  Or*?tiicGoi.i.s. 

Solecurtus,  Blainv.  (Psammosolen,  Eisso).  Cretaceous  to  Eecent.  Sub-genera : 
Macha,  Oken  (Fig.  774) ; Tagelus,  Gray  ; Novaculina,  Benson,  fresh  ivater. 
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Superfamily  15.  MACTRACEA.  Gray. 

ilesHiurn  intcrnuJ^  smtcd  on  ohondrophurcs,  lift  cardinal  footh  hijid,  jittnifi  hclmv  Ihr 
two  riiiht  cardinals,  which  are  more  or  less  joined  Unjether  dorsulhj.  Inner  wall  of  the 
mantle  Inhind  the  siphons  exhibittmi  a laminar  sense  orijan. 


Family  :58.  Mactridae.  Orav. 


Hhell  piorcella nous,  with  an  ohrioas  epidermis,  usaallij  rounded-trianijalar,  with 
smooth  or  concentricallij  scnlptured  snrface,  smooth  marijins,  ami  prominent  prosofiyrouf 
beaks;  cal  res  ey  Mil,  free,  asttallii  with  a sliijht  posterior  yape ; area  not  limited;  Ivja- 
ment  rariabhi  external  or  internal  : resilitim  conneettny  siib-trianynlar  chondrophorrs 
asaalhj  excarated  out  of  tin  hinye  plate,  rarely  inth  a prop  or  buttress;  hi nye.  plate  well 
developed , with  normally  an  anterior  and  posterior  latiral  in  the  left,  receired  into  sockets 
or  paired  laminae,  in  the  riyht  ralre,  or  obsolete ; cardinals  in  the  riyht  ralre  tiro,  with 
their  dorsal  edyes  iisnalhi  soldered  toyether,  and  one  bifid  or  deltoid  cardinal  ui  the 
left,  tittiny  below  the  former,  a delicate  accessory  lamella  often  present  in  either  calve,  or 
all  may  he  more  or  less  obsidete  : sijihons  well  developed,  united,  and  usually  with  an 
ipidermal  tunic;  add  actors  peripheral,  sub-eijual.  ( 'rctaciams  to  Kccviit. 


Tliis  group  is  so  large  and  its  extremes  so  varialde,  that  it  is  Lest  divided  into  sub-families, 
as  follows:' — Mact  ri  Ilia;  Pteropsidinae,  JjUtraciinae,  Zenat  iiiiar,  and  t Anatinrlhnac. 


Flo.  77a. 

Miietar  ICithiliai,  Mioeeiit* 

(Sarinatiaii  Stage);  Wieseii,  iioar 
Vienna. 

Sub-genera;  Jlcinimactra,  Swuius.  ■,  Leptospisula,  Dali;  C y labopho ra,  VjiMi-,  Schizodesma, 
Gray. 

M ulinia,  (U:iy.  Ligami-iit  and  icsilium  immersed  in  the  .same  .socket.  .Miocene 

and  Reeiiil. 

Itauyia,  1 )esm.  (fjuathodon,  (liiiv,  non  ftoldfuss).  Like  Mulinia,  but  witli 
elongated  Litend.s,  and  the  anterior  lateral  booketl  at  the  umbonal  end.  Estuarine. 

I’teropsis,  Conrad.  Eocene.  Liibiosa  (Seliniidt),  iMoller.  Miocene  and  Kecent. 

Lutraria,  Lam.  (Fig.  770).  Soleniform,  binge  ilactroid.  Tertiary  and  Recent. 

Tresus,  (4ray  {Schixothacrus,  Conr.) ; Kastonia,  (!i-;ty;  J feterocardia,  Desb.  Tertiary 
and  Recent.  Zenatia,  (tray;  Anatinella,  ,So\v.  Kecent. 


Mactra,  Linn.  (Fig.  77.')).  Lig;iment  and  lesiliimi 
sepaiiiled  bv  a sb(dlv  sejitum.  Tertiaiy  ;ind  Recent. 

Sub  - genera  : Mactra  s.s..  ('oebauaetca.  Mart  coder  ituj, 

Mart rotoma,  Dali  ; Mactrclla,  (b'ay. 

Spisula,  dray.  Ligament  and  re.silitiin  not  sej)arated, 
the  former  more  or  le.ss  external.  ( '!etaceou.s  to  Kecent. 


U 


lM(;. 

Lutrorin  flUjitirn,  Kojssy.  PliocfiK*  ; lUiodcs.  -/jj. 


i 


1 


I 


4 


' Cf.  I mil,  ir.  y/..  Synopsis  of  a Review  of  the  Genera  of  Kecent  and  Tertiary  Mactridae  and  ' 
Mesodesmatidae  (Proc.  -Mai.  Soc.  vol.  I.  jip.  203-21.3),  March  1895.  ' 
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Family  39.  Cardiliidae.  Dali. 

Hhell  cordiform,  vntli  2^rominent  2)'i'osoiiijrnus  hml's,  siiiall,  thin,  radially  sculj)tured.  ; 
'posterior  adductor  scar  im2>ressed  iqmi  a radial  myrydwric  lamina,  the  anterior  scar 
elon.fjated,  pallial  line  not  siniiated ; liyament  external,  seated  on  nymphs;  resiliiim 
internal  connectiny  projectiny  chondro2jhores ; hinye  without  laterals,  but  the  cardinal 
teeth  as  in  Mactra.  Tertiary  to  Recent. 

Cardilia,  Desliayes.  Eocene  and  Recent. 


Family  40.  Mesodesmatidae.  Desliayes. 


Shell  solid  and  heavy,  usually  flonacifonn,  with 
erect  or  opisthoyyrate  beaks,  otherwise  as  in  the  Macfridae ; 
siphons  naked,  not  united.  Tertiary  to  Recent. 

Mesodesma,  Desli.  Tertiary  and  Recent.  Mac- 
tro2)sis.  Coni'.  Eocene.  Atacfodea,  Dali  (Pa2dia, 
Lam.;  Eryx,  Swains.);  Davila,  Gray;  Anupella,  Dali. 
Recent.  Ervilia,  Turton  (Fig.  777).  Tertiary  and 
Recent.  Caecella,  Gray.  Recent,  Huviatile. 


Fk;.  777. 

Ervilia  Podolira,  Eiclnv.  Miocene(Sar- 
iiiatiaTi  Stage) ; Wiesen,  near  Vienna,  i/i- 


E.  Asthenodonta. 

Hinge  often  essentially  Mactroid,  hut  usually  deyenerate  or  obsolete,  oiving  to  modi- 
fications induced^  by  the  hurrovnny  habit. 


Superfamily  16.  MYACEA.  Menke  Amend.) 

Burrowing,  long  si2)honed,  frequently  inequivalve  Pelecypods,  usually  with.  the.  mantle 
lobes  largely  united  below,  more  or  less  united  sipihons,  rind  deyenerate  hinye  ap>paratu.s. 


Family  41.  Myacidae.  Woodward. 

Shell  substance  cellulo-crystalline,  earthy,  icith  a consqncuous  epidermis:  valves  un- 
equal, more  or  less  elonr/ate,  rounded  in  front  and.  yaqnng  behind;  adductor  scars  sub- 


Fio.  778. 

Mya  armaria,  Lin.  Pleistocene  (Glacial  Deposits) 
BohusUin,  Sweden. 


Cryptoinya,  Conr.  .Small,  the  pallial  line  i 
Minute,  byssiferous,  nestling.  Tuyonia.,  G 


equal:  pu'dlial  line  sinuated ; shell  mar<iins 
qilain  ; area  obsolete  or  nolle;  ligament  and 
resilium  internal,  upisthod.etic,  attached  in  the 
left  valve  to  a projecting  chondirphore  meryiny 
with  the  dorsal  iuaryin  behind,  and  in  the. 
right  valve  to  an  inc(ins2)icuou.s,  usually  sub- 
urnbonal  chond.rophorc ; hinge  edentulous  : 
.siqihons  united,  with  a horny  funic,  not  wholly 
retractile.  Tertiai-y  and  Recent. 

Mya,  Linn.  (Fig.  778).  Sniootli  ex- 
ternally. Tertiary  and  Recent. 

Sub  - genera  ; Flat.yodon,  Conr.  Surface 
decussated,  siphon  witli  horny  appendages, 
iscrepant  in  the  two  valves.  Sphaenia,  Turton. 
ay.  Recent. 


Family  42.  Corbulidae.  Fleming. 

Shell  small,  much  as  in  Mya,  but  the  p>o.ll'ial  line  feeble  or  obsolete,  the  ligament 
usually  sub-external,  separated  from  the  resilium,  which  is  internal,  alivincular,  and 
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(vni'pliidctic ; ihc  c}ujndrojih<ire  is  received  into  a socket  of  the  opposite  valve,  not  merged 
nnth  the  valve  'iaar(iti't ; Imu/c  inth  one  or  two  suh-nrnhonal  projecting  teeth,  and  rarely 

obscure  traces  of  laterals;  the 
A II  posterior  gape  inconspicuous; 

siphons  short,  united,  naked, 
wholly  retractile.  Trias  to 
Itecent. 

Corhula,  Lain.  (Figs.  T7i), 
780).  Small,  ovate,  rostrate, 
very  inetjuivalve,  the  right 
\alve  convex,  larger,  with  a 
jiromiiieiit  tooth  in  front  of 
the  ]iit  for  the  resilium,  left 
valve  with  a tlattened  (hondro])hore,  and  usually  a ])osterior  tooth.  Trias  to 
Eecent. 


Vorhnhr  (Jiieorhiihi)  tjalVn-a,  l.aiti. 
Catrairc  drossier;  liauiery,  near 
Kperiiay,  Kraiiee.  Hii]"e,  l/i- 


7S0. 

,1,  f'orhvlft  raritidtn.  iMiJ, 
.Miocene;  I’litzIeinsdoiT,  near 
Vienna.  Jl.  C.  an  (in  stain.  Sow. 
U|iper  Cretaceous  ; dosjin. 


Sub-genera  : hrodona,  Daudin  {A~ara,  d Orb.  ; d'otamuniya,  Sow.)  Pallia!  sinus  obsolete, 
tluviatile.  Pleistocene  and  Recent.  Jlothrocorhula,  Gabb.  With  a luimle  deejily  indented 
into  the  cavity  ot  the  valves,  lertiary  and  Recent.  Corbulaiuclla,  Jleek.  With  an  anterior 
niyojihore.  Cretaceous.  AiiisothyHs,  Conr.  (I’achydon,  (!abb).  Pliocene.  I’aramya,  Conr.  ; 
Curhulomyo.  Xyst.  Tertiary  and  Recent. 


Family  43.  Saxicavidae.  Gray. 


Hhell  substance  as  in  d///«  ; epidermis  conspicuous ; valves  ecjual,  free,  rude,  and  often 
I rregular,  more  or  le.ss  elongated  and  gapnng,  not  fully  covering  the  animal;  adductor 
•scars  iften  irregular,  the  p>alli<tl 

line  discontinuous  or  irregular,  -• 

the  sinus  distinct ; shell  margins 
smooth;  area  idisolete ; liga- 
ment and  resilium  e.rternal, 
paririncular,  seated  on  strong 
nymphs,  sometimes  ividely  e.r- 
tended  ; hinge  without  laterals, 
with  few  feeble  or  obsolete  sub- 
umbonal  cardinals.  C’ivtaccous 
to  Recent. 


Sa.eicara,  Fleuriau  {<Hy- 
cimeris,  Schum.  ; Hiatella, 

Daudin;  JSyssornya,  Cuvier: 

Agina,  Tint  on).  Hinge  eden- 
tulous in  the  adidt,  with  one 
or  two  cardiiiiils  in  the  young, 
boring  in  the  softer  rock.s. 

Tertiary  and  Recent.  Sub- 
genus I'anornya,  Gray  (Chaen- 
opea,  .Mayer). 

Panopea,  Mcnanl  (Glyci- 
meris,  Lam.  17!)h,  non  Da 
Costa),  (Fig.  781).  Large, 
ga])ing  widely  behind  and 

slightly  in  front  ; surface  concentrically,  or  feebly  sculptured 
each  valve.  Cretaceous  to  Recent. 

Cyrtodaria,  Daudin  {Glycirneris,  Lam.  1801).  Solenoid  with 
Pliocene  and  Recent. 


Fi<;.  7bl. 

Pnnojiio  Dcsli.  Mioconc;;  Vienna  Hasin.  yl,  Dorsal 

vi»-\v  of  valves.  Ji,  Internal  ra.st.  C,  Hinge  i)lat<*  seen  from  above,  ^/*j. 


an  obscure  tooth  in 


epidermis. 
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Family  44.  Gastrochaenidae.  Gray. 


Shell  substance  as  in  Saxicara  ; I'alves  equal,  widely  (japing  in  front : adductor  scars 
unequal,  the  anterior  smaller ; pallial  sinus  deep,  margins  simple ; area  none ; ligament 
and  resilium,  external,  parivincidar ; hinge  with  a single  obsolete  cardinal  or  wholly 

edentulous ; anirnnl  frequently  forming 
an  external  pirotective  tube  to  supplement 
its  burrou',  but  to  which  it  is  in  no  way 
attached.  ? Permian.  Trias  to  Eecent. 

This  group  stands  between  the  Myacca 
and  Adesmucca,  verging  on  the  latter, 
^lany  of  its  clraracters  are  adaptive,  and  are 
repeated  in  the  Ensiphonaeca,  but  morpho- 
logically its  relations  to  the  Saxiearidae, 
seem  close. 


( last rochoc naang usla,  Desl i . 
Eocene  (Sables  inoyens) ; 
Valniandois,  near  Paris. 


Fin.  7S3. 

(kisU-nchcteita  Df: 
champsU,  Laube. 


• slot)  II- 

Mirldie 
.Jura;  Baliii,  near  Cracow. 
Cast  of  burrow  including; 
one  of  the  valves,  J/j. 


Gastrochaena,  Spongier  (Uhacna,  Ketz. ; 
Jlocellaria,  Blainv.),  IFigs.  782,  783;. 
Bores  cylindrical  or  pear-sliaped  cavities  in  rock,  shell,  or  coral.  Trias  to  Recent. 


Fistulana, 


Briig. 


Secretes  calcareous  tubes  wliieli  stand  njjriglit  in  the  sand  or  mud. 


j Superfamily  17.  ADESMACEA.  Blainville. 

Gills  with  direct  and  reflected  laminae,  long,  united,  extended  into  the  branchial 
'siphon;  posterior  adductor  usually  in  front  of  the  visceral  ganglion,  anterior  adductor 
'external  to  the  cavity  of  the  valves,  exerted  in  a contrary  sense  to  the  posterior  muscle ; 
'hinge  margin  reflected,  edentulous ; ligament  obsolete;  a myophoric  process  extending 
freely  into  the  valve  from  the  sub-umbonal  cavity. 

Family  45.  Pholadidae.  Fischer. 

Shell  cellulo-crystalline,  with  a thin  epidermis;  valves  more  or  less  gaping  in  front 
and  behind,  with  inconspicuous  heals  and  reticulate,  often  spinose  sculpture;  in  the 
adult  supplemented  by  accessory  shelly  pieces,  always  attached  to  the  valves,  but  not  by 
an  exterior  shelly  tube  like  that  of  the  Gastrochaenidae ; the  antero-dorsal  manjins  more 
or  less  extensively  reflected,  the  postero-rentral  apiproximeded  ; pallial  line  sinuated,  area, 
\none ; ligament  and  resilium  usually  cibsent,  an  obsolete  remnant  of  the  resilium  and 
\chondrophore  sometimes  present  in  the  left  valve.  ? Carlioniferous,  Jura  to  Eecent. 

Pholas,  Linn.  (Fig.  784).  Surface  divided  l.iy  grooves  into  areas  'udiich  often  have 
diverse  sculpture  ; the  adult  often  provided  with  accessory  shelly  plates,  each  of  wliich 


A II 


Fig.  7S4. 

I’holas  Levesquei,  Watelet.  Eoecne  ; Cnisp  de  la  Motlie. 


when  seated  in  front  of  the  beaks  has  been  named  a “ ]»rotoplax,"  when  above  the 
beaks,  “ mesoplax,”  when  liehind  the  beaks  between  the  valves  “ metaplax,”  and  when 
lietween  the  valves  ventrally  (Martesia),  “ hyjioplax.”  A calcareous  septum,  secreted 
•after  the  completion  of  the  burrow,  and  occupying  the  pedal  gape  of  the  valves,  is 
called  the  “ callum.”  The  addition  of  these  plates  and  appendages  during  growtli  so 
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uliiuiges  tlie  a])p(‘urance  of  tlie  sln41  tliat  oM  and  young  stages  liave  fnajuently  lieen 

ilesLTil)ed  as  s])ecifically  or  even  genei-ieally  distinct. 
Typical  Pliolads  date  t'roiii  tlie  Jura.  ]\Iany  sut>- 
genei’a  liave  lieen  named. 

Turnns,  (lalib  (Fig.  785).  (IretaceoiLs.  ]\Jarfi‘sia, 
Leach  (Fig.  786).  Carlionii'erons  to  Jfecent.  Joiiav- 
tietiu,  Desni.  Tertiary  and  Ilecent.  I’cmlimt,  Lain. 
Valves  in  the  adult  stage  soldered  together  and  to  a 
thick  adveiitive  calcareous  tube.  Eocene. 


Flii.  7S"). 

T(irnii.<  (Xiflofiho. 
fjc.llo)  chijmitiihis. 
Meek.  UpjH*r  Cre- 
taceous; I il  a 1h). 
iC  n la  r*;ei(  (a  ft  e r 
.Meek). 


Flo.  7sr». 

M>i  rtrsic  Ci)nohlf'ti , 
Deslt.  K octMi  e ; 
Auvers.  iiecar  Paris. 


I’ainilv  46.  Teredinidae.  .Scacchi. 


xarfnce  of  n piirii'.tnl  tnIjiTch 

snuill : line  coincnlenl  with  the  rnlre  innninis : 

xhjloid  rnijojthore  iirojectinij  from  the  cm-itii  of  the  henks  : 
mnntle  secretin<j  a cnlcoreonx  iiniiuj  to  the  hnrrov: ; pallets 
vanahle  ni  form,  the  mires  without  attarhnt  arressoni  shellii 
jilutes;  area  none;  hinije  rnarijin  reflected , edentulous : 
liiiarnent  absent  or  obsolete  : anterior  adductor  deifenerate, 
attarheil  on  the  anterior  eih/es  of  the  valres,  and.  covered  onli/ 
bi/  the  rnantle  : aniiaal  boriinj,  chiejlij  in  wood.  ( 'arbon- 

iferous(?),  Jura  to  l!i‘cent. 

Teredo,  Linn.  (Fig.  787,  .4,  ('). 
form.  Jura  to  Recent. 

Xiilotrija,  Leach  (Fig.  787,  //). 
bipinnate.  Tertiary  and  Recent. 

The  name  Teredol ites,  Leynierie, 
tlie  casts  of  borings  of  fossil  d’ereilos 
jiroblematical  genus  I’olorthus,  Oablj,  from 
Cretaceous,  has  lieen  referred  to  this  familv. 
zoic  species  are  known  only  by  burrons, 

.somewhat  doubtful  origin. 


Khell  much  reduced,  eij u iralce,  anriculate,  widehj 
iiapina,  the,  ralres  apposited  ventrallij  onhj  on  the 
adductor  scars  unenual,  the.  anterior  'nianiinal  reri) 
a 


I’allets  simple,  spatuli- 

Rallcts  articulated, 

ha."  been  ]iro]iosed  for 
(Fig.  787,  .D).  The 
file  American 
The  Palaeo- 
which  are  of 


Vertical  Range  of  the  Pelecypoda. 


Fill.  7S7. 

Ay  Valves  of  the  recent  Ternift 
KorrnjifVy  Spenj'I ; inneraiHl  outer 
views.  Ji,  l^allet  of  Xijlotnjn  sp. 
C,  j’allot  of  'Irm/o  sp.  I),  Casts 
of  borinf^s  of  Tem/o  T»uru<diy 
Leyin.  Eocene:  Kressenbeiy, 

Bavaria. 


Ordovician  thev  are  still 


Pelecv])ods  make  their  ajipearance  as  e.\trciiie  rarities 
in  the  l.ower  ('ambrian,'  being  icjireseiitcd  only  by  the 
doubtful  Fordilla  and  the  liny  Mod ioloides.  E\cn  in  the 

rare.  Mod iolopsis,  ( 'tenodonia,  Jhilearai,  Kopteria,  and  (ihipturcu  ha\’e  been  sjiaringly 
found.  In  the  Silurian  a ('onsiderable  augmentation  of  the  numljer  of  bivalves  is 
obser\'able,  as  many  as  eighty  .species  ha\  ing  been  distinguished  in  the  fauna  of  the 
small  island  of  (iottland  alone. 

A veiy  marked  difference  in  geological  range  is  ]ierce)ilible  among  the  three  ordeis 
into  which  the  cla.ss  is  div  ided.  The  Frionodesrnucea,  including  most  of  Xeumavr’.s 
Talacoconcha,  are  pre-eminently  characteristic  of  the.  Palaeozoic,  faunas.  Of  the  forty- 
two  families  referred  to  this  onler,  no  le.ss  than  nineteen  occur  in  the  Silurian,  to  which 
seven  ai'e  added  during  the  Devonian,  only  three  in  the  (,'arboniferous,  and  one  in  the 
Permian.  From  lhe.se  ancient  stocks  only  .seven  Prionodesmaceau  families  are  evolved 
during  the  whole  of  the  iMe.soz.oic,  and  but  two  in  llii'  Tertiary,  while  three  are  Recent. 
Omitting  offshoots,  but  four  families  cover  the  whole  range  of  geologic  time  from 


’ Cf.  Waleotf,  C.  />.,  Fauna  of  the  Oleneffus  Zone  (lOtli  Ann.  Kep.  U.  8.  (teol.  8nrv.,  1890). 
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the  Siliuiaii,  and  of  these  the  recent  representatives  are  everywliere  recognised  as 
constituting  the  most  distinctively  archaic  tyjte  of  Pelecypod  structure  now  existing. 

Tlie  order  Anomalodesmacea  is  repre-sented  in  the  Palaeozoic  solely  liy  its  radical, 
the  Pholadellidae ; eight  of  its  sixteen  families  originate  in  the  Mesozoic  and  Tertiary, 
and,  with  the  exception  of  the  Pholadellidae  and  Pleuronniacidae,  all  have  endured  until 
the  ])resent  time.  Only  one  family  appears  to  he  exclusively  Piecent. 

The  Teleodesmacea  are  distinctively  modern,  although  foreshadowed  in  the  Palaeo- 
zoic by  Cypricardian,  Lucinoid,  and  Allodesmid  radicals  (the  Solenoid  radical  is  still 
([uestionable).  Of  forty-seven  families  thirt)^  can  he  first  definitely  recognised  in  the 
ilesozoic,  t^\'elve  originate  in  the  Tertiary,  two  are  exclusively  recent,  and  only  a single 
one  can  he  traced  continuously  from  the  Palaeozoic  to  the  recent  fauna. 

Of  the  Prionodesmacean  families,  10-5  ])er  cent  survive  ; of  the  Teleodesmacean  71 
per  cent  ; and  of  the  Anomalodesmacean  88  ])er  cent.  If  it  were  not  for  the  mortality 
among  the  Chamacea  and  Pndistae,  the  ratio  of  survival  among  the  Teleodesmacean 
families  would  he  95  2>er  cent.  Of  105  families  which  have  been  discriminated  during 
the  whole  history  of  the  class  76,  or  about  72-3  per  cent,  ai-e  represented  in  the 
existing  fauna.  Families  have  originated  in  the  \'arious  geological  epochs  as  follows  : — 
Cambrian  1,  Silurian  (Murchisonian)  20,  Devonian  10,  Carboniferous  3,  Permian  2, 
Trias  13,  Jura  14,  Cretaceous  18,  Eocene  15,  Miocene  and  Pliocene  3,  Pleistocene 
and  Eecent  6.  From  this  it  appears  that  the  development  of  the  group,  judged 
by  the  increase  of  families,  was  most  intense  during  the  Silurian,  thereafter  rapidly 
decreasing  until  the  Trias,  then  gradually  increa.sing  until  the  Cretaceous,  after  which 
the  rate  of  differentiation  again  rapidly  declined.  It  is  noted  that  in  the  Palaeozoic 
the,  Pelecypods  form  about  one-(piarter  of  all  the  mollusks  known  from  this  era  ; in  the 
Jura  and  Cretaceous  about  one-half,  and  in  the  Tertiary  aliout  one-third  of  this  numlier. 

The  Silurian  is  esi>ecially  characterised  by  the  presence  of  Taxodont,  Palaeoconch,  and 
the  older  formsof  Schizodont  Pelecypods.  The  Vlasfidae,  CardjolidaejAnfvjdev.ridue,  Cteno- 
' donfidae,  Pferineidae,  Ambonijclmdae,  and  ModAolopsidae  are  shared  with  the  Devonian, 

The  Devonian  has  no  families  solely  characteristic,  but  the  brackish  water  Car- 
diniidae,  the  AIe<]alodontidae,  Ti'icioniidae^  Pinnidae,  Pectinidae,  and  Mjitilidae  first 
' take  rise  in  this  period,  and  the  sinupalliate  Allorisrna  is  the  first  Pelecypod  showing 
clear  evidence  of  retractile  siphons. 

■ The  Carboniferous  is  marked  lyv  the  ap2iearance  of  Parallelodon  and  its  allies, 
j the  Lirnidae  and  Ostreidae,  and  some  ^R'ecm'sors  of  the  Lticinacea  and  Pholadacea. 
The  Pernidac  and  Gcistrochuenidae  make  tlieir  advent  in  the  Permian  ; Init,  on  the 
whole,  the  Carbonic  fauna  persists  throughout  this  ^lei'iod.  In  the  Trias,  however, 
important  changes  take  ^dace  ; many  old  genera  disaiifiear,  and  such  forms  as  Limop- 
ndne,  the  true  Uniones,  Spondijlus,  Jlimi/a,  the  Pleuromijacidae,  Pholadomyacidoe, 
Astartidae,  Lncinacea,  Cardiidae,  and  Corbulidae  enter  upon  the  scene. 

During  the.  Jura,  genuine  Arcidae,  Aiiomia,  Elujmns,  vailous  Anat i aacea,  Cyrena, 
Dieerus,  Isocardia,  and  the  Teleodont  Veneridae,  Telliiiidae,  Ihmacidae,  and  Pholadacea, 
are  initiated.  The  character  of  the  Cretaceous  is  strongly  intiuenced  l.iy  the  alierrant 
and  short-lived  Chamacea  and  Eudistids.  The  Mutelidae,  Pandoridae,  Clcvvaydlidae, 
Poromyacidae,  Crussatelhtidae,  Cryptod,ontidae^  Pdricolidae,  true  Solens,  the  Mactridae, 

. and  Saxjcavidae,  also  take  their  origin  during  this  2>eriod. 

"With  the  beginning  of  the  Tertiary  a gradual  apjiroximation  to  jR'esent  conditions 
takes  {dace.  The  Rudisf.ae  have  disapi)eared,  the  Dysodonts  are  on  the  decline,  and 
the  Teleodesmacean  types  on  the  increase.  Xumerous  Anatinacea,  Leptoiiacea,  Tndac- 
nidue,  Callocurdiidae,  Semdidae,  Mesodesmafidae,  and  Myacidae  a2)i)ear.  At  the  close  of 
the  Eocene,  the  wide  distribution  of  many  types  now  characteristic,  of  warm,  temperate, 
or  trojiical  waters  begins  to  be  restricted  ; and  during  the  Miocene  the  faunal  boundaries 
of  mollusks  depending  upon  temperature  conditions  are  laid  down  nearly  on  existing  lines. 

The  following  table  indicates  more  exactly  the  geological  range  of  the  families  of 
Pelecypods  according  to  our  2)resent  information  : — 
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Families. 


Order  1.  Prionodesmacea 

I.  I’.U.AEOCONCHA 

1.  Solemyacidae  . 

2.  8oleno]).si(lae  . 

3.  Vlastidap 

4.  Graniiiiysiidae 
r>.  Cardiolidae 

ti.  Anti[)leuridae 

7.  I’laecardiidae . 

II.  Taxodonta 

Superfamily  1.  Nucuhtcca 

8.  Ctenodontidae 

9.  Nuculidae 

10.  Lcdidae  . 

Superfamily  2.  Anacca 

11.  I’arallolodontidae 

12.  C3'rtodontidae 

13.  Liinojisidae 

1 4.  Arciilae  . 

III.  Si  IIIZIIDONTA 

Superfamily  3.  Ptcriacca 

1. 'i.  rterineidao 

Hi.  Lunulicardiidae 

17.  Ainboiij’chiidae 

18.  I’iiiiiidae 

19.  Coiiocardiidae 

20.  I’eriiidae 

21.  I’teriidae 

22.  jMyaliiiidac 

23.  \ ulsellidac 

Superfamily  4.  (Mrwrn 

24.  O.stn'idae 

2. "i.  Eli^midae 

Superfamily  5.  Xniitihircu 
20.  Cardiiiiidae 

27.  -Megalodoiiiidai' 

28.  Eiiioiiiilae 
2ii.  .Mutelidae 

30.  Etlieriidae 

Superfamily  6.  Trigouiurra 

31.  LjTodesniidae 

32.  Triifoiiiidae  . 
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Families. 


a.' 

a! 

c 

o 

Neocene. 

Recent. 

IV.  ISODONTA 
Superfamily  7.  Pediimcea 

33.  Pectiiiidae 

34.  Spondylidae  . 

35.  Dimj^acidae 

36.  Limidae  . 

Superfamily  8.  Anmniacea 

37.  Anomiidae 

V.  Dysodont.a 
Superfamily  9.  Mytilaeca 

38.  Modiolopsidae 

39.  Mytilidiie 

40.  Dreissen.siidae 


Order  2.  Anomalodesmacea 
Superfamily  1.  Anatiiiace.a 
A.  Eu.su>honia 

1.  Pleuromyacidae 

2.  Pholadellidae  . 

3.  Phcladoin}'acidae 

4.  Anatiiiidae 

5.  Periploniidae  . 

6.  Tliraciidae 

7.  Myochamidae. 

H.  Adei.osiphonia 

8.  Pandoridae 

9.  Lyonsiidae 

10.  Lyonsiellidae  . 

11.  Cliamostreidae 
Superfamily  2.  Ensiphonacca 

12.  Clavagellidae  . 

13.  Euciroidae 

14.  Vertioordiidae 

15.  Poromyaeidae 

16.  Cuspidariidae . 
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Faijiilies. 


Order  3.  Teleodesmacea 

A.  I’AM'dDONTA 

1.  Allo(lesmi<lae  . 

1).  DioiiKXODON'r  v 

Superfamily  1.  ('iniricuriliarra 

2.  Pleurophoridiu: 

3.  Curtoiiotidae  . 

4.  Astartidae 
Crassat(dlitiilai' 

Superfamily  2.  Ciiixmirni 
ti.  Cyreiiidao 
7.  8[iliaeriidae 

Superfamily  3.  Cunlitacru 

5.  Carditidae 

Superfamily  4.  I'hriidoci’ii 

9.  Chaniidao 

10.  Diceratid  ae 

11.  ^lonoplcuridae 

12.  Capi'iiiidac 

Superfamily  5.  ItiuUxtiii-ni 

1. j.  IJadiolitidae  . 

14.  IIip[mriti<lae  . 

Superfamily  6.  I.iiciiiiifin 
1.7.  Taiicivdiidae  . 
lii.  LAiicardiidae  . 

17.  Lucinidae 
In.  Coi'bidao 

19.  I )iplodoiitidai- 

20.  Cyreiudlidae  . 

21.  Cryptoiloiitidae 

Superfamily  7.  Li iiloncu-i-ii 

22.  Li-ptonidae 

23.  ( Jaleoiimddae  . 

24.  ClilaiMydni'oiirliidae 

2. 'i.  Kellitdlidae 
C.  (’vri.oiMiN  I'  \ 

Superfamily  8.  < 'n rJ iaccn 

26.  Cai'diidae 

27.  Adaciiidae 

Superfamily  9.  Ti  iduriiacni 
2.S.  Tridarnidae  . 


RANGE  OF  THE  PELECYPODA 


429 


I 

i 

i 


Families, 


Superfamily  10.  Isocardiacca 

29.  Isocardiidae  . 

30.  Callocardiidae 
D.  Tei.eodont.v 


Superfamily  11.  Veneracca 

31.  Venei'idae 

32.  Peti'icolidae  . 
Superfamily  12.  Tellinacea 

33.  Tellinidae 

34.  Semelidae 

35.  Psammobiidae 

36.  Donacidae 


Superfamily  13.  Solenacea 

37.  Solenidae 

Superfamily  14.  Mactra<xa 

38.  Mactridae 

39.  Cardiliidae 

40.  Mesodesmatidae 
E.  Asthenodonta 


Superfamily  15.  Myacca 

41.  Myacidae 

42.  Corbulidae 

43.  Saxicavidae  . 

44.  Gastroebaenidae 


Superfamily  16.  Adcsmacca 

45.  Plioladidae 

46.  Teredinidae  . 


'I 


Trias. 

5 

Cretaceous. 

oi 

^ \ z 

C tj 

i i 

1 

— 

'f. 

! 

— 

' [Grateful  acknowledgments  are  due  to  Dr.  W.  H.  Dali,  of  tlie  United  States  National 
■ Museum,  for  having  revised  and  in  large  part  rewritten  tlie  preceding  chapter  on  the  Pelecypods. 
It  is  to  be  regretted,  however,  that  limits  of  space  necessitated  a partial  abbreviation  of  the 
:|3riginal  text,  for  which  the  Editor  alone  is  responsible. — Tkax.s.] 


430 


:\IOLLUSCA 


SUB-KINGDOM  VI 


Class  2.  SCAPHOPODA.  Bronn.i 


(Ciri'hohranchuitu,  Bhiiiiville  ; Sulenocourhiu,  L;ic;ize-I)uthiers  ; 
FrosojncephuJa,  Stoliczku.) 


Aquatic,  murine,  hilaternUii  s//inmefrkul  Mollusks,  protected  bi/  an  external,  j 
tubular,  somewhat  curved  and  taperinq  shell,  oqien  at  both  ends,  the  concave  side 
of  ichich  is  dorsal ; the  shell  secreted  bi/  a mantle  of  the  same  shape,  the  larger, 
anterior  ojiening  of  which-  is  j/rovided  with  a circular  muscular  thickening,  tloe  smaller  j 
opening  serving  us  outlet  fov  ovganic  waste  and  genital  products.  Mouth  furnished  \ 
v:ith  a radula,  borne  on  a ct/lindrical  snout,  and  surrounded  bg  a rosette  of  leaf -like 
uppendiiges  ; a cluster  of  numerous  exsertite  filaments  (captarnla)  springing  from  its  | 
Jiase.  Otoegsts  present,  but  no  eges  or  tentacles.  Foot  rather  long,  conical,  with  | 
lateral  lobes,  and  adjacent  to  the  snout  rentrallg.  ' 

Gilts  are  wanting,  the  general  surface  assuming  respiratorg  functions.  Liver  j 
large,  bilateral ; intestine  stronglg  folded,  the  anus  rodral  and  rather  anterior,  and  r 
kidneg  orijices  adjacent  to  it.  Heart  rudimentarg,  with  a single  chamber.  Nervous  !: 
sgstem  ivith  well-develoqied  ganglia  united  bg  commissures.  Ilequ'od action  without 
copulation,  the  sexual  proilucts  voided  thvough  the  vight  kidneg.  I; 


Sc:iph()])i)(ls  are  without  exce])tioii  niarine,  and  for  the  most  part  inhabit  ■ 
deej)  water.  There  are  no  littoral  species.  They  live  embedded  in  mnd  or 
.sand,  with  only  the  smaller  end  of  the  shell  ])rojecting  above  the  surface.  ! 
Their  food  consists  cliietly  of  P’orandnifera  and  similar  organisms,  captured  I 
by  the  filamentary  cajdacula. 

The  tubular,  curved  shell,  open  at  both  ends,  is  characteristic  of  the  class, 
the  tnbular  shells  of  certain  Gastro})ods  and  Cephalopods  being  invariably 
closed  at  the  smaller  end.  Some  tulncolous  Wm-ins  (Serpulidae)  form  a similar  i 
shell,  but  it  is  com[)oscd  of  two  layers  oidy,  instead  of  three  i 
as  in  Scaphopods,  the  growth  is  more  irregular,  and  its  micro- 
sco))ic  structure  very  ditl'erent. 

The  shell  of  Scaphoi)ods  increases  by  successive  increments 
at  the  larger  end,  and  at  the  .same  time  loses  by  wear  and 
absor])tion  at  the  smaller  end.  The  ])osterior  slits  or  notches  ! 
occurring  in  some  species  are  therefore  formed  by  reabsorption 
of  the  previously  solid  shell  wall,  and  have  a genesis  wholly 
ditl'erent  from  the  slits  or  fissures  of  I'leuvotomaria,  Fissurella, 
and  other  (Tastrojiods. 

Various  genera  described  as  Scajihopods  have  since  been 
found  to  belong  to  the  Serpulidae.  Such  are  Fgrgnpolon,  Monti. 
(Fig.  78S),  from  the  Maestricht  of  Belgium,  also  known  as  , 
Entulium,  Defr.,  and  Fharctvium,  Kdnig;  and  llaimdus,  Morton 
(Falcula,  Conrad),  of  the  American  Cretaceous.  The  Cambrian  genus  Spiro- 
(lentalium,  Walcott,  in  which  the  shell  has  spiral  striae,  is  at  present  too 


Fiii.  7S.S. 

riirrff)poftHi  Mn-KOr 

Monff.  UltpcrCn- 
tiiCBous  ; Ucl"iuni, 


' Literature  (see  also,  under  the  liead  of  .Mollu.sea,  pp.  344,  34,0)  : 

J}eshaye.'<,  (•■  I'..  Auatomie  et  tMonograpliie  du  Genre  Dentate  (Mem.  Soc.  Hist.  Nat.,  Paris,  vol.  II. 
pp.  321-378),  1820. 

L'lcarx-lJi'lliiers,  II.  tie,  Ili.stoire  de  rorganisation  et  du  develoi)pinent  du  Dentale  (Ann.  des  Sci.  i 
Nat.  [4].  vols.  VI. -VII  I.),  1806-07. 
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imperfectly  known  to  justify  its  reference  to  the  Scaphopods,  or  even  to  the 
Mollusca. 


Family  1.  Dentaliidae.  (4ray. 

Scuphopoda  havinii  a conic  foot  icith  an  encirclimj  sheath  expanded  laterally  and 
interrupted  dorsally.  Shell  tubular,  curved,  regularly  tapering  throughout,  not  contracted 
anteriorly,  sculptured  or  smooth.  Ordovician  to  Eecent. 


Dentalvum,  Limi.  (Figs.  789,  790).  Characters  those  of  the  family.  Beginning 
with  a few  sjiecies  in  the  Ordovician,  the  nundjer  increases  slowly  until  the  Cretaceous. 
A great  acceleration  then  ensues,  which  continues  to  the  ])resent. 

About  275  fossil  and  150  recent  species  known.  Various  authors  luu'e  5^' 
attempted  to  subdivide  the  genus  upon  characters  of  the  posterior  slit 
of  the  shell,  but  this  has  proved  to  vary  widely  even  among  individuals. 

The  following  sub-genera  based  upon  the  system  of  sculpture  and  shape 
of  the  tube  appear  more  stable  - 


A 


Fig.  T'.iu. 

A,  D.  {Aiitalis)  KuIj  i,  Nyst.  Olit;'- 
ocene  ; Weinlieim,  near  Alzey.  Ji, 
J).  {F\istun'io)lucidi:i Eocene  ; 
Guise  la  Motlie.  ^/i.  C’,  Posterior 

portion  of  same  enlargetl,  sliowing 
slit. 


iJentalium,  s.  str.  (Fig.  789).  Shell  with  strong  longitudinal  ribs,  apical 
notch  short  or  wanting.  Itocene  to  Recent. 

Antalis,  Adams  {Entails,  Gray  non  Sowb.  : 

Entaliopsis,  Newton  and  Harris),  (Fig. 

790,  A).  Shell  with  longitudinal  riblets  or 
striae  at  least  in  the  young  ; apiex  with  a 
short  ventral  slit  and  a sheath.  Cretaceous 
to  Recent. 

Hcteroschis7na,  Simr.  With  longitudinal 
riblets  and  a dorsal  slit.  Recent. 

Fissidcntaliim,  Fischer.  Large  and  solid, 
with  many  longitudinal  ribs  or  striae  ; a long 
ventral  slit  usually  present.  Eocene  to 
Recent,  Schizorlentalium,  Sowb.,  in  which 
the  slit  is  interrupted  into  a series  of  holes, 
is  jirobablj'  a modification  of  tliis  groip). 

&raptacnie,  Pils.  and  Sharp.  Surface  with 
close,  fine  longitudinal  striae  near  ajiex  only, 
or  throughout.  Tertiary  and  Recent. 

Laevidentalium,  Cossni.  Arcuate,  smooth, 
with  growth-lines  oidy,  circular  in  section, 
apex  simple  or  notched.  Silurian  ? to  Recent. 

Rhabdus,  Pils.  and  Shar]i.  Smooth, 
glossy,  nearly  straight,  sub-circular  in  section, 
apex  entire.  Recent. 

Episiphon,  Pils.  and  Sharp.  Small  and  very  slender,  smooth,  the  ajiex  genoi’ally  with  an 
inserted  tube.  Oligocene  to  Recent. 

Compressidens,  Pils.  and  Sliarj).  Small,  much  tapering,  vertically  compressed,  smooth. 
Eocene  to  Recent. 

Lohantale,  Cossni.  Shell  compressed,  w'ith  two  internal  longitudinal  ribs.  Eocene. 

Fustiaria,  Stol.  (Figs.  790,  B,  C).  Shell  with  a very  long  and  linear  ventral  cleft  postei'iorl3u 
Cretaceous  to  Recent. 


|l 


Fig.  7S9. 

Dnitaliiim  sex- 
iniijulure,  Lam. 
Pliocene ; Asti, 
Italy. 


iSars,  M.,  Oin  Siplionodentalium  vitreuni.  eu  iiy  Slaegt  af  Deiitaliderne.s  Faniilie.  Uiiiversitets- 
Progi-ani,  Christiana,  1801. 

StoUezka,  F.,  Palaeontologia  Indica.  Cretaceous  Fauna  of  Southern  India,  vol.  11.,  1867-68. 
Oardacr,  ./.  S.,  On  the  Cretaceous  Dentaliidae  (Quar.  Jourii.  Geol.  Soc.  Loudon,  vol.  XXXIV.  pp. 
56-65),  1878. 

Kovalevsky,  A.,  Etude  sur  reinbryogeuie,  etc.,  du  Dentale  (Ann.  Mu.s.  Hi.st.  Nat.,  Marseille,  Zoologie 
Mem.  No.  I.),  1882-83. 

Plate,  L.,  IJeher  den  Bau  und  die  Verwaudtschafts-Beziehungen  der  Solenoconchen  (Zool.  .Jahrb., 
Abtheil.  ftir  Auat.  und  Ontog.,  vol.  V.  pp.  301-386),  1892.  [Bibliography,  pp.  384-386.] 
Simroth,  H.,  Mollu.sca  in  Bronu’s  Clas.sen  und  Ordmuigen  des  Thierreichs,  vol.  111.  pp.  356-467, 
1893-95. 
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I’hKjLoqhipUi,  I’ils.  and  Sharp.  Surface  witli  e.xtrcniely  ohliijue.  sinuous,  encircling  striae 
{D.  (uuliihiU(iii,  liliinst.)  Carhonifcrous  to  Trias. 

Family  i.  Siphonodentaliidae.  Simroth. 

Smjiltopoda  hariiuj  the  foot  either  expanded  ilirtullij  in  a sipninctriral  disk  irith 
crenate  cvntin nous  edije,  or  sirnjile  and  verinifurm,  vithont  ilevrloped  lateral  processes. 
Shell  .small  and  qeneralhj  smooth,  often  contracted  tovards  the  month.  ( 'iVtaccons  1o 
Recent. 

Altliougli  tliis  faniilv  is  usually  characterised  hy  a small  smooth  shell,  the  e.sseiilial 
difhu-ence  from  the  ] lentaliidac  \s  in  the  form  of  the  foot.  Typical  forms  of  Cadtilus 

a]i]iear  in  tlie  Cretaceous;  the  remaining 
genera  are  Tertiary  and  Recent. 

Entalimt,  flouts.  Shell  Jtentalinin-hVa, 
largest  at  the  ajieiture,  thence  ta]>eiing  to 
the  a])e.\  ; strongly  rihhed,  and  angular  in 
section  neai-  the  ajiex.  Miocene  to  Recent. 

Sijdionodentaliiun,  Sai'S  {Pnlsclhun,  Stoh; 
Siphoncntalis,  Sars).  Shell  an  arcuate, 
slightly  tapering  tube,  circular  in  .section 
or  nearly  so,  and  smooth  e.xternally.  A])0.\ 
I'ather  huge,  typically  slit  into  lohe.s,  hut 
.'sometimes  simjde.  Pliocene  to  Recent. 

Ihidnlns,  Phil.  (Uadn.s,  T)esh.  ; (ladila, 
Ci'ay  ; Uelonyx,  Stim]i.),  (Fig.s.  7!)1,  C,  1>). 
.Shell  tuhular,  circular  or  oval  in  section,  swollen  near  the  middle,  or  anterioi-ly,  con- 
tracting toward  the  aperture.  Cretaceous  to  Recent. 

Tyjdcal  forms  with  simjde  anal  orifice  ajijiear  first  in  the  Cretaceou.s,  //hsc/m/cs, 
.lelfr.  iFig.  791,  It},  with  two  lateral  slits,  and  J’olijschides,  Pil.s.  (Fig.  7!>1,  A),  with 
several  notches  a])jiear  in  the  Eocene.  All  continue  to  the  jiresent. 


A /;  (' 


Kk;.  7‘.U. 


yl,  ('niinhis  (I'liljisrh'nics)  ih'iitiruhii tts^  I)t*sli.  Cal- 
caire  (irossier  : hamcry,  near  Eppriiay.  /».  (‘(uh/lus 
(l)lsrhi(lr.-<)  hi jissa rtitiis,  l>cs]i.  Calcairc  (irossitT  ; 
{Tri;;n()n,  in-ar  I’aris.  C,  ('oiitihis  ovnlinHy  1‘liil.  Tnr- 
toniait  ; Monte  (iihUio.  D.  ('tuliihis  oUri,  Scac.  'JV>r- 
ttmian  : Mt>nte  ( ii]»l»io,  near  Sassuoln,  Italy. 


Class  3.  AMPHINEURA.  Ihering.' 

Aquatic,  marine,  hilaindlhi  siimmel ricat  Molliisks,  with  the  head  jHirfialli/  or  not 
dilferenliated  ; in  form  worm-like  with  a rentral  (iroore  or  none,  or  oval,  fattened,  • 
with  a fxiol  adajded  for  creepiiKj.  Xerroas  sfistem  ronsislijiif  of  an  oesophageal  ring 
with  gamilia  and  four  longitadinat  cords,  two  rentral  and  two  lateral  ; no  cephalic 
eyes,  tentacles,  or  otorg.sts.  Hills  jiaired  (o'  mang,  posterior  in'  lateral ; month,  anterior, 
nsmdh/  with  a rad  id  a ; anas  jmsterior,  median.  Jf.rtermd  surface  with  a series  oj 
shell  1/  plates,  (o'  still'rned  with  calcareons  spicules. 

’ Litcraluic  ; _ ' 

the, in'!.  11.  r.,  VerKleichende  .Aiiatoinic  des  Xerveiisystems  inid  I’liylogeuie  der  Mollusken,  1877. 
I)ii/l,  ir.  //.,  Oil  the  (Iciicni  of  (liitons  (Proc.  X.  S.  Xat.  Museiiiii,  vol.  fV.  p.  279),  1881. 

II nlirrchf.  A.  .1.  9’..  A ('oiitriliutiou  to  the  Morphology  of  the  Aiiijihiueura  dpiar.  .Jourii.  .Mieroscop. 

Soc.,  vol,  .XXI  f.  i)ji.  212-227),  1882.  | Bibliograpliy,  jip.  226.  227.]  ! 

liochchrnne,  A.  T.  de,  Moiiogra|ihie  des  especes  fossiles  apparteiunit  ii  la  clas.se  des  Polyplaxiiiliores 
(Aim.  Sci.  Oeoh,  vol.  XIV.  jip.  1-7-i),  1883. 

Pruvot  (!.,  Sur  rorgaiiisatiou  de  ipielques  Neomeiiii’ns  des  (,'otes  de  France  (Arcli.  Zool.  Exjier.  et 
Geiu  r.  [2],  vol.  IX.  jip.  6911-80.1,  1891.  [Bihliogi-apliy,  ]ij).  702,  703.] 

Pilsbri/.  II.  -1..  Mouogi-aph  of  the  Polvplacojjhora.  In  Tryon  and  Pilshry’s  Manual  of  Conehology,  I 
vohs.  XIV.  and  XV..  1892-93.  ' 
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Order  1.  APLACOPHORA. 

Body  vermiform  u'ith  a ventral  groove,  the  skin  elsewhere  heset  tvith  calcareous 
spmdes  ; no  dorsal  shelly  plates  in  the  adult. 

This  is  a degenerate  group,  represented  in  the  recent  fauna  by  about  a 
dozen  genera  belonging  to  two  families — Chaetoderrnatidae  and  Neomeniidae. 
Fossil  renrains  are  unknown. 

Order  2.  POLYPLACOPHOEA.  Blainville.  Chitons. 

I Amphineura  protected  by  a dorsal  series  of  eight  shelly  valves  and  an  encircling 
! girdle;  with  differentiated  head,  and  a ventral  sole  or  foot  adapted  to  creeping  ; gills 
f numerous,  occupying  the  groove  between  foot  and  girdle;  radula  present,  heterodont  ; 
; sexes  separate. 

■ The  external  covering  in  the  Pohjplacopjhora,  or  Chitons,  consists  of  eight 
. valves  bound  together  by  an  encircling  flexible  band  called  the  girdle.  The 
1 anterior  or  head-plate  (Fig.  792,  A,  below)  is  invariably  semicircular,  ivitli  the 
apex  or  mucro  at  the  midclle  of  the  straight  margin  ; the  six  succeeding  plates 
{ are  generally  square  (Fig.  79.3,  below),  with  the  apex  posterior  on  the  median 
' line  ; and  the  posterior  or  tail-valve  (Fig.  792,  B)  is  semicircular  or  siilicirciilar, 
• with  apex  varying  in  position  from  in  front  of  the  middle  to  the  hind  margin. 
All  of  the  plates  are  composed  of  two  layers — an  outer  porous  layer,  the 
tegmentum,  and  an  inner  porcellanous  one,  the  articulamentum.  In  most  of  the 
lower  Chitons  these  layers  are  coextensive  and  have  smooth  edges  ; but  in 
3 the  higher  forms  the  articulamentum  projects  beyond  the  outer  layer  into  the 
I substance  of  the  girdle,  in  which  it  is  firmly  inserted.  These  projections  at 

ithe  outer  or  peripheral  margin  are  termed  insertion  pilates.  They  are  generally 
slit  or  notched  into  so-called  “teeth,”  which  may  be  either  smooth  and  sharp 
along  the  edge,  or  crenulated  (jiectinated).  Insertion  plates  serve  the  function 
I'  of  binding  the  valves  firmly  to  the  girdle. 

I The  anterior  margin  of  each  valve  except  the  first  one  invarialily  shows 
two  projections  of  the  articulamentum  called  sutural  laminae  (Figs.  792,  B, 
793),  which  pass  under  the  rear  margin  of  the  next  anterior  valve,  thus  pre- 
venting vertical  displacement  of  the  series.  The  tegiimentum  is  traversed  by 
a multitude  of  fine  canals  which  terminate  at  the  surface  in  minute  sense 
organs.  The  position  of  the  latter  in  dry  or  fossil  valves  is  visible  as  a fine 

j quincuncial  punctation.  In  the  highest  Chitons  a certain  number  of  these 

(sense  organs  have  become  enlarged  and  modified  into  eyes,  easily  recognised 
as  pigmented  dots  in  recent,  and  small  pits  in  fossil  specimens. 

Bolyplacophora  make  their  appearance  as  early  as  the  Ordovician  ; they  are 
rare  in  the  Silurian  and  Devonian,  but  somewhat  more  abundant  in  the 
i Carboniferous.  None  of  the  Palaeozoic  genera  {Eoplacophora)  are  known  to 
1 continue  into  the  Mesozoic,  but  are  replaced  by  types  more  related  to  modern 
) Chitons  {Mesoplacophora).  Members  of  the  most  specialised  sub-order,  Teleo- 
; placophora,  are  first  encountered  in  the  Eocene,  although  they  doubtless  arose 
I earlier.  About  twenty  Palaeozoic,  five  or  six  Mesozoic,  and  fifty  Tertiary 
i species  have  been  descrilied.  Recent  forms  number  several  hundreds. 

I A good  many  species  supposed  to  be  Chitons  have  been  based  upon  barnacle 
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valves,  fish  scales,  and  other  fragments.  The  recently  described  Duslia 
iiisiiiiiis,  Jahn,  is  apparently  a Crustacean  ; certainly  not  a member  of  the 
Pohjplarophora. 

Three  sub -orders  are  recognised,  according  as  the  insertion  plates  are 
alisent,  or  if  present,  unslit  (Eoplacophom) ; developed,  smooth,  and  slit  into 
teeth  {MesopAacophora) ) or  both  slit  and  pectinated  {Tdeoplacoplwra). 


Sub-Order  A.  EOPLACOPHORA.  Pilsbry. 

Polijplacophora  v:ith  the  tcgumentnm  coextensive  ^vith  the  articulamentum,  or  with  the 
latter  projecting  in  smooth,  unslit  insertion  pilates ; gills  posterior. 


Billings.  Similar  in  the  non-sinuous  head-valve,  but  beaks  of  the 


Family  1.  Gryphochitonidae.  Pilsbry. 

Insertion  plates  absent,  sutural  laminae  small;  one  or  both  end-valves  with  the 
terminal  margins  elevated ; form  elongated  and  narrow.  Palaeozoic. 

Helrninthochiton,  Salter.  Valves  thin,  mucro  suT)-eentral,  low;  end-A'alves  not 
elevated  terminally.  Silurian. 

Priscoch  iton 

valves  greatly  produced  backwards.  Ordovician. 

Gnjphochiton,  Gray  (Fig.  792).  Elongated,  with  small  beaks  and  very  small  sutural 
laminae ; terminal  niargins  of  end-valves  strongly  elevated ; tail-valve  with  low, 

decurved  mucro  behind  the  middle.  Carboniferous. 

Pterochiton,  Cpr.  (Anthracochiton,  Rochebr.).  Elon- 

gated, the  valves  .strongly  beaked  and  laterally  excavated ; 
tail -valve  with  dej^ressed  post -median  mucro  and  no 
posterior  sinu.s,  anterior  vah'e  with  the  front  margin 
elevated,  sutural  laminae  large.  Carboniferous. 

Cijrnatochiton,  Dali  {Protalochiton,  Rochebr.).  Oval, 

elevated  and  granular,  the  valves  short  and  wide,  with 
small,  low  sutural  laminae  and  distinct  lateral  areas ; 
mucro  of  posterior  valve  post-median,  elevated.  Permian. 

Probolaeurn,  Ci>r.  Elongated,  elevated  ; valves  very 
sti'ongly  beaked,  the  pleura  ]>rojecting  beyond  the  jugal 
tract;  anterior  valve  sinuate  in  front,  jiosterior . valve 
unknown.  Devonian. 

Chonechiton,  Cpr.  Median  valves  as  in  Gnjphochiton ; 


Fig.  7'.»2. 


firjfjihochitoii  j>ri<cus,  Munst. 

('arbunit'frous : Tournav,  Belcrimn. 

PoMerior  valve  with  the  mucro 
and  dorsaLaspeots.  i/j.  thrown  backward,  as  in  Crgptoplax. 

Carboniferous. 

Luncites,  Cju-.  Somewhat  like  the  recent  Lorica,  but 
without  in-sertion  ])late.s.  Carboniferous. 

Family  2.  Lepidopleuridae.  PiLsbrv. 


I.  rp  itJopIe  n rus  vi  r{i'i /cr, 
SamU).  Miocene ; Wald* 
bcckelheim,  near  Creuz* 
nach,  Genuany.  A nieflian 
and  a posterior  valve,  -/i* 


Insertion  plates  absent,  or  present  and  unslit;  end-valves 
icith  the  terminal  margins  never  elevated;  form  oval  or  oblong. 

Tertiary  and  Recent. 

Lcpidopleurus,  Risso  (Leptochiton,  Gray),  (Fig.  79.3).  .Small, 
entirely  absent,  sutural  laminae  small ; girdle  minutely  scalv 
Recent. 

Hanleija,  Gray.  Like  the  last,  except  that  the  anterior  valve  has  an  unslit  insertion 
2>late,  and  the  girdle  is  spiculo.se.  Champlain  to  Recent. 


oval ; insertion  jdates 
or  chaft'y.  Eocene  to 


ORDER  II 


POLYPLACOPHOEA 


435 


Heniiar thrum,  Ciir.  Both  anterior  and  posterior  valves  vith  smooth  unslit 
insertion  plates,  the  others  lacking  them ; girdle  downy,  Avith  small  sutural  pores. 
Eecent. 

Chori;plax,  Pils.  Valves  partly  immersed  in  the  minutely  granulose  girdle,  all 
Avith  thin,  smooth  insertion  plates.  Eecent. 

Sub-Order  B.  MESOPLACOPHORA.  Pilsbry. 

Insertion  irlates  developed,  slit,  not  vertically  grooved  or  pectinated  outside. 

Family  1.  Ischnochitonidae.  Pilshry. 

Valves  having  the  inner  layer  tcell  covered  hy  the  outer.  Surface  of  intermediate 
i valves  divided  into  lateral  and  central  areas  hy  a diagonal  rib  {of ten  indistinct),  extending 
I from  the  beak  to  each  anterior  outer  angle  of  tegumentum ; or  when  this  is  not  clearly  the 
case,  the  posterior  valve  has  a crescentic  series  of  well-developed  teeth ; all  valves  ivith 
I slits.  Eocene  to  Eecent. 

I Tavo  sub-diAdsions  of  this  family  are  recognised,  according  as  the  anterior  and  side 
slits  correspond  in  position  Avith  ribs  on  the  external  surface  or  not.  Among  the 
genera  included  under  the  first  head  {GalUstoplacinae)  may  be  mentioned  the  folloAV- 
! ing  : — Gallistochiton,  Nuttallina,  and  Gallistoplax,  Carpenter;  Graspedochiton,  Shuttle- 
M Avorth  ; and  Geratozona,  Dali.  EepresentatiA^es  of  the  second  sub-family  {Ischnochitoniiwe) 
are  as  folloAVS  : — Schizopilax,  Dali ; Tonicella,  Trachyderrnon,  and  Binoplax,  Carpenter  ; 
Callochiton  and  Ischnochiton,  Gray  ; GJmetop)leura,  ShuttleAvorth. 

Family  2.  Mopaliidae.  Pilsbry. 

Valves  externally  divided  normally  into  central  and  lateral  areas,  the  posterior  valve 
vnth  a sinus  behind,  one  or  two  slits  on  each  side  of  it  or  none ; intermediate  valves  each 
with  a single  slit ; teeth  smooth,  sharp,  often  ivith  thickened  edges  on  the  outside  ; girdle 
\ more  or  less  hairy.  Pleistocene  and  Eecent. 

' This  family  comprises  tlie  folloAving  genera  : — Mopalia,  and  Plaxiphora,  Gray  ; 

! Placiphorella,  Carpenter  ; and  Placophoropsis,  Pilsbry 

I Family  3.  Acanthochitidae.  Pilsbry. 

‘ Valves  more  or  less  immersed  in  the  smooth  or  hairy  girdle,  the  tegmentum  therefore 
much  smaller  than  the  articulamentum  ; the  exposed  surface  divided  into  a narrow  dorsal 
I and  wide  latero-pleural  areas,  the  latter  formed  by  the  union  of  the  lettered  einel  pleureil 
areeis  of  norrned  Ghitons.  Insertion  teeth  sharp,  reirely  smooth  ; posterior  valve  either  slit 
I , like  the  heeid-vtdve,  or  hetving  a posterior  sin  us ; heael-vctlve  usuetlly  with  five  slits, 

\ ! intermeelieite  valves  singly  slit.  Body  never  vermiform.  Pliocene  to  Eecent. 

The  folloAving  representatiA^es  are  to  be  cited  : — Acetnthochites,  Eisso  ; Spongiochiton, 

( Carpenter  ; Kedhetrinet  and  Amicula,  Gray ; Gnypjtochiton,  Midd.  and  Gray. 

I Family  4.  Cryptoplacidae,  Dali. 

Elongetted  or  vermiform  Ghitons  with  small  vedves ; insertion  einel  sutured  pleites 
strongly  elrawn  forwarel,  sharp  and  smooth;  the  emterior  vedve  with  three  to  five  slits,  the 
\ others  with  one  slit  on  cetch  side,  or  none;  teiil-vedve  having  the  mucro  feir  jiosterior, 
insertion  plate  continuous  behind ; girdle  very  thick  and  wide. 

This  is  a highly  specialised  branch  of  a Ioav  group  of  Chitons,  unknoAvn  in  the 
1 : fossil  state.  Gryptoplax,  Blainville  {Ghitonellus,  Lam.),  and  Ghoneplax,  Carpenter,  are 
I , examples. 
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Sub-Order  C.  TELEOPLACOPHORA.  Pilsbry. 

All  valves,  or  the  f rst  seven,  ivitit  insertion  plates  cut  into  teeth  hy  slits ; the  teeth 
sharply  sculptured  {pectinated)  outside  hy  fine  vertical  grooves. 

Family  1.  Chitonidae.  Pilf^biy. 

Characters  those  of  the  suh-order.  Tertiary  and  Recent. 

The  family  i.s  illustrated  hy  the  following  genera,  of  whieh  only  the  tirst  two  occur  in 
the  fossil  condition  : — Chiton,  Linne  ; Trachyodon,  Dali ; Eudoxochiton,  Shuttleworth  ; 
Tonicia,  Uchizochiton,  Enoplorhifon,  and  Onithnchiton,  Gray;  Acanthopleura,  Guilding ; 
Lorica,  Adams;  Loricella  and  Liolophura,  Pilsbry. 

Class  4.  GASTROPODA.  Snails.^ 

MoUusks  with'  (listind  head,  soled  or  more  rarely  fi)Uike  foot,  and  undivided 
mantle,  which  latter  secretes  a simple,  spirally  wound,  or  saucer-shaped  shell. 

Gastropods  differ  from  Pelecypods  in  having  a more  or  less  distinctly 
marked  head,  which  usually  hears  tentacles,  eyes,  and  ears,  and  contains  a 

' Literature  (see  also  under  the  lieatl  of  Mollusea,  ])p.  344-34.a)  ; 
d’Orbiynij,  -1.,  I’aleontologie  fraiicai.se.  Terrains  cretaces,  vol.  II.,  1842.  Terrain  jurassique,  vol. 

11.,  1850,  and  vol.  III.  (continuation  liy  Piette),  1867-91. 

Leyrich,  E.,  Die  Coneindieii  des  norddeutsclieii  Tertiiirgetiirge.s  (Zeitschr.  deutsch.  geol.  Gesellsch., 
vots.  V.,  VI.,  VIII.),  1853-56. 

Troschel,  F.  II.,  Das  Gebiss  der  Schneckeii,  zur  Begriindiing  einer  natiirlichen  Classification,  vols.  I., 

11.,  Berlin,  1856-78. 

liillinr/s,  E.,  Palaeozoic  Fo.ssils,  vols.  I.  and  II.,  Montreal,  1865-74. 

SOjliczkd,  F..  Cretaceous  Fauna  of  Southern  India,  vol.  II.  Gastropoda  (Mem.  C4eol.  Survey,  India), 
1868. 

Salter,  J.  11'.,  A Catalogue  of  the  Collection  of  Caiiibrian  and  Silurian  Fossils  in  the  Mu.seiini  of 
Cambridge,  1873. 

Zittel,  K.  .1.,  Die  Gastropoden  der  Stiamberger  Schichteii  (Palaeont.  Mittheil.  Mus.  haver.  Staates, 
Bd.  II.  Abtheil.  3),  1873. 

Iherinfj,  II.  von,  Vergleichende  Anatomie  de.s  Xerveiisystenis  und  Phylogenie  der  Mollu.sken. 
Leipzic,  1877. 

Ilocrnes,  7,’.,  and  Auiixjer,  M.,  Die  Gastropoden  der  Meere.sablageruiigen  der  ersten  und  zweiten 
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large  cerebral  ganglion.  The  ventral  aspect  of  the  creature  is  commonly 
formed  by  a broad  foot;  but  in  the  Heteropoda  this  is  modified  into  a vertical, 
laterally  compressed  fin  ; and  in  the  Pteropoda  it  is  represented  liy  two  wing- 
like SAvimming  membranes  near  the  head.  The  base  of  the  foot  is  sometimes 
of  considerable  size,  and  in  some  forms  (Sfroriibidae)  the  animal  is  enabled  to 
spring  cpiite  a distance  by  contracting  the  foot.  The  mantle  lobe  is  elevated 
along  the  back  like  a hood,  extending  as  far  as  the  head,  and  usually  secretes 
a shell  from  its  outer  surface.  The  shell  covers  the  intestinal  sac  and  lung 
cavity,  and  usually  ^lermits  of  retraction  into  it  of  the  entire  body  of  the 
animal.  Body  and  shell  are  united  by  muscular  attachment ; in  spiral  shells 
the  muscle  is  fastened  to  the  columella,  but  in  bovd-shaped  forms  to  the  inner 
surface  of  the  shell. 

The  nervous  system  consists  of  tivo  cerebral  ganglia,  the  paired  pedal  and 
visceral  ganglia,  and  tivo  or  three  additional  pairs,  all  of  Avhich  are  united  by 
commissures.  A complete  crossing  of  the  commissures  of  the  visceral  ganglia 
sometimes  takes  place  (Chiastoneiira),  but  in  other  forms  they  run  parallel 
(Orthoneura). 

The  peculiar  armature  of  the  mouth,  although  developed  in  all  classes  of 
Mollusks  except  Pelecypods,  is  especially  characteristic  of  Gastropods.  This 
consists  of  tivo  jaw-like  horny  plates  on  the  upper  wall  of  the  oesophagus, 
opposed  to  Avhich  is  a chitinous  grating,  strap,  or  radula,  resting  upon  the 
tongue  or  odontophore.  The  tongue  itself  is  merely  a sivelling  at  the  bottom 
of  the  buccal  cavity.  The  radula  is  usually  quite  long,  and  is  beset  ivith 
innumerable  small  teeth  or  hooks,  placed  in  transverse  and  longitudinal  rows. 
The  exceeding  diversity  of  the  radula  amongst  the  different  groups  Avas 
advantageously  employed  by  Loven  and  Troschel  as  a basis  of  their 
classification. 

The  oesophagus  conducts  into  a long,  coiled,  intestinal  canal,  Avhich  is 
' surrounded  by  a large  liver,  the  kidneys,  and  numerous  glands.  The  intestine 
ends  in  an  anal  opening  placed  anteriorly.  The  heart,  as  a rule,  has  one 
I auricle  (Monotocardia),  more  rarely  tAvo  (Diofocardia),  and  serves  as  a central 
! organ  for  the  supply  of  a much  branched  system  of  blood-vessels.  When  the 
gills  or  lungs  are  placed  in  front  of  the  heart  (Prosohranchia,  Pulmonata),  the 
auricles  are  anterior  to  the  ventricle ; but  Avhen  placed  behind  the  heart 
{Ojnsthobmnchia,  Pteropoda),  the  auricle  is  posterior. 

Only  a feAV  Gastropods  breathe  through  the  general  surface  of  the  body, 
and  are  Avithout  distinct  organs  of  respiration  ; the  Auast  majority  possess  gills 
or  lungs.  The  gills  are  lamellar  or  tuft-like,  sometimes  liranched  or  feathered 
lobes  of  the  integument,  and  are  usually  placed  in  the  gill-cavity  beloAv  the 
mantle ; more  rarely  they  project  freely  on  the  back  or  at  the  sides.  Only 
exceptionally  are  they  present  in  large  numbers  and  symmetrically  developed  ; 
and  Avhen  so  disposed  they  are  ahvays  secondary  structures  not  homologous 
Avith  the  normal  ctenidia.  Typically  there  are  tAvo  gills,  but  the  left  usually 
becomes  completely  atrophied,  and  the  right  takes  up  a median  position,  con- 
sequent upon  the  torsion  of  the  body,  or  even  migrates  OA^er  to  the  left  side. 

I Air-breathing  snails  have  the  gills  replaced  by  a sac-like  cavity,  the  lung 
occupying  the  place  of  the  gill-cavity.  The  Avails  of  this  respiratory  cavity 
are  covered  Avith  a finely  branched  netAvork  of  blood-A^essels.  The  Ampul- 
' lariidae  and  Siplwnariidae  possess  both  gills  and  lungs.  The  opening  of  the 
respiratory  cavity  is  reduced  to  a round  or  crescentic  aperture,  called  the 
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breathing  pore.  The  sides  of  this  pore,  in  operculated  snails,  are  often  pro- 
duced outivards,  so  as  to  form  a closed  or  cleft  tube,  corresponding  ivith  which 
there  is  frequently  a canal-like  process  of  the  shell. 

Gastropods  are  remarkable  for  their  extreme  differentiation  of  the  repro- 
ductive organs.  The  sexes  are  distinct  in  the  F rosobranchia  and  Hdf>ropoda, 
but  united  in  the  Opisfhohranchiafa,  Fteropoda,  and  Fulmoiiata.  The  ovarian 
and  seminal  ducts  of  hermaphrodites  sometimes  open  into  a common  cloaca, 
or  they  may  terminate  in  separate  openings. 

The  shell,  as  has  already  been  remarked,  is  secreted  by  the  mantle,  and  is 
limited  in  form  and  size  by  the  configuration  of  the  intestinal  sac.  It  is 
composed  of  a chitinous  substance  (conchiolin)  infiltrated  with  lime  carbonate, 
or  exceptionally  with  sulphate  of  lime  in  small  ipiantities.  Shell  characters 
are  of  great  importance  in  distinguishing  genera  and  species,  but  their  value 
in  classifying  larger  groups  is  comparatively  slight,  owing  to  the  fact  that 
very  similar  shells  are  often  developed  among  forms  which  differ  widely  in 
their  general  organisation.  Two  forms  of  shell-habit  occur,  the  symmetrical 
and  the  spiral.  The  first  are  flat*,  conical,  or  saucer-shaped,  and  characterise 
otdy  a few  groups  {Cydohranchia,  Aspidohrandiia,  Fidmonata).  Transition 
forms  lietween  the  symmetrical  and  spiral  are  to  be  oliservcd  in  conical  shells 
with  slightly  inrolled  beaks.  Excei)tional  forms  of  the  spiral  shell  are  seen 
in  Vennefus,  which  is  irregularly  coiled,  and  in  PlanorUs,  Belleroplion,  and 
Aflanfa,  coiled  in  one  plane  (discoidal).  Usually  the  shell  forms  a screw-like 
spii-al,  and  rests  upon  the  l)ack  of  the  creature  in  such  a way  that  the  apex  is 
directed  ui)ward  and  liackward,  the  aperture  forward  and  downward.  Holding 
the  shell  upright  so  that  the  a])c.x  is  above,  and  the  aperture  below,  facing 
the  observer,  it  is  said  to  be  right  handed  or  dcxtrul  when  the  opening  is  on 
the  right  side,  and  left-handed  or  sinistral  when  on  the  left  side.  By  far  the 
larger  number  of  Gastropods  are  dextral  ; but  a few  (Clausilia,  Physa,  Spirialis) 
are  normally  sinistral.  Bight-handed  individuals  of  normally  left-handed 
genera,  as  well  as  jiathologic  individuals  of  normally  right-handed  forms,  are 
occasionally  met  with. 

In  drawing  and  describing  Gastropod  shells,  the  apex  is  oidinarily  dii’ectcd 
upward,  so  that  the  right-  or  left-handedness  may  be  seen  at  a glance.  It  is 
also  customary  to  employ  the  terms  above  and  below  in  the  same  sense  as 
posterior  and  anterior.  The  height  or  length  of  the  shell  is  measured  by  a 
line  dra_wn  from  the  apex  to  the  lower  margin  of  the  aperture. 

The  shell  is  to  be  considered  as  a more  or  less  rapidly  widening  cone, 
which  is  wound  cither  around  an  axial  pillai-,  called  the  columella,  or  about  a 
central  tulmlar  cavity.  Each  coil  of  the  tube  is  termed  a whorl,  and  all  the 
whorls  exce[)t  the  last  one  form  together  the  spire.  The  last  or  body  whorl 
is  often  very  much  larger  than  the  pi’eceding  ; its  lower,  sometimes  flattened 
surface  is  called  the  base.  As  a rule,  the  whorls  are  in  contact  with  each 
other,  each  in  succession  either  partly  or  entii'ely  covering  the  preceding ; but 
in  rare  cases  they  form  a loose  sjiiral,  in  which  the  whorls  are  separated  from 
one  another.  The  S[)ire  is  said  to  lie  convolute  when  the  later  whorls 
entirely  conceal  the  earlier  ones,  as  in  Cypraea.  The  line  between  two  con- 
tiguous whorls  is  known  as  the  suture.  According  to  the  manner  of  inrolling, 
various  shell  contours  are  produced,  requiring  numerous  descriptive  names, 
such  as  conical,  auriform,  turbinate,  fusiform,  cylindrical,  spherical,  oval, 
pyramidal,  etc. 
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"When  the  inner  parts  of  the  -whorls  coalesce  to  form  a columella,  the  shell 
is  said  to  be  imperforate;  it  is  perforate  Avhen  they  do  not  so  coalesce,  Init 
leave  a central  tubular  cavity  instead.  The  opening  of  this  perforation  lielow, 
in  the  centre  of  the  base,  is  designated  the  umbilicus  (Nabel).  A true 
umbilicus  reaches  to  the  apex  of  the  shell ; when  confined  to  the  last  Avhorl 
only,  it  is  called  a false  umbilicus.  An  umbilical  fissure  is  sometimes  pro- 
duced through  a partial  covering  of  the  umbilicus  by  the  reflected  inner  lip, 
or  by  a shelly  growth  termed  the  callus. 

The  aperture  is  variable  in  form,  being  most  commonly  oval,  rounded, 
crescentic,  or  half-round,  but  is  sometimes  contracted  or  even  fissure-like.  Its 
margin  is  called  the  pieristome,  the  outer  part  of  Avhich  forms  the  outer  lip,  and 
the  part  next  the  columella  the  inner  lip.  Some 
shells  have  a continuous,  uninterrupted  peristome, 
but  as  a rule  the  inner  and  outer  lips  are  discon- 
nected. The  aperture  is  said  to  be  entire  Avhen 
rounded  anteriorly  (inferiorly),  as  in  the  IIolo- 
stomata ; it  is  channelled  Avhen  a basal  notch  or 
canal,  caused  by  an  inbending  of  the  margin  next 
the  base  of  the  columella,  is  developed.  This 
anterior  canal  serves  for  the  lodgment  of  the 
siphon,  as  the  tube  is  called  which  conducts  Avater 
to  the  gills ; it  may  be  either  straight  or  re- 
curved, and  in  the  Si2)honostomata  it  is  greatly 
produced,  sometimes  even  exceeding  the  aperture 
in  length.  The  outer  lip  ma}^  be  entire  or  incised, 
thin  and  sharp  or  thickened,  curved  outAA-ard  (re- 
flected) or  iiiAvard  (inflected),  even  or  crenulated, 
or  it  may  be  produced  into  alar  or  finger-like 
processes.  It  is  sometimes  channelled  by  a canal 
at  the  posterior  border,  in  Avhich  the  anal  or  ex- 
current canal  is  placed.  The  upper  or  ^Aosterior 
portion  of  the  inner  margin  is  commonly  desig- 
nated, especially  in  the  Siphonostomata,  as  the  true 
inner  lip,  in  contradistinction  from  the  loAver  or 
columellar  portion.  The  inner  lip  is  formed  either 
by  the  AAmll  of  the  penultimate  Avhorl,  or  by  a 
calcareous  callus  ; like  the  outer  lip  and  columella, 
it  may  bear  spiral  folds,  Avhich  in  some  cases  coiumeiia  with  foiTs. 
extend  backAAvard  as  far  as  the  apex  (Fig.  794). 

The  external  ornamentation  usually  consists  of  impressed  lines  or  grooves, 
or  of  elevated  ridges,  ribs,  folds,  nodes,  spines,  and  the  like.  The  markings 
are  called  spiral  Avhen  they  run  pai’allel  Avith  the  suture,  and  transverse  or 
■ longitudinal  Avhen  they  meet  the  suture  at  right  angles  or  oblic[uely.  Many 
Gastropods  are  brilliantly  coloured,  others  have  a velvety  or  hairy  epidermis. 
The  fossilisation  process  is  usually  destructive  not  only  of  the  epidermis,  but 
. of  the  coloration  as  Avell. 

The  essential  constituent  of  uniAmlve  shells  is  aragonite,  Avhich  usually 
forms  a homogeneous,  porcelain-like  layer.  Many  families  have  in  addition 
I to  this  an  inner  nacreous  laj^er,  Avhich  is  made  up  of  alternating  strata  of 
conchiolin  and  calcium  carbonate,  running  parallel  Avith  the  inner  surface  of 
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the  shell.  The  porcellanoiis  material  is  composed  of  three  distinct  layers, 
each  of  which  is  made  up  of  thin  laminae,  and  the  laminae  in  turn  of  very 
small  oljlique  prisms.  The  laminae  of  the  middle  layer  are  disposed  at  right 
angles  to  those  of  the  adjacent  hi3’ers. 

Many  Gastroirods  have  a calcareous  or  horny  plate,  called  the  operculum, 
attached  to  the  posterior  part  of  the  foot,  and  serving  to  close  the  aperture 
more  or  less  completely  when  the  animal  withdraws  into  its  shell.  Being 
most  commonly  of  corneous  nature,  it  is  seldom  preserved  fossil ; sometimes, 
however,  it  is  calcareous,  and  may  attain  considerable  size  and  thickness.  On 
the  outer  surface  it  may  be  smooth,  furrowed,  granulated,  or  covered  with 
excrescences.  The  nucleus  or  initial  point  of  growth  is  sometimes  central,  and 
again  eccentric  or  even  marginal  in  jiosition  ; it  may  be  surrounded  by  con- 
centric markings,  or  form  the  origin  of  a s})iral  consisting  of  few  (paucispii’al) 
or  many  (multispiral)  whorls.  Certain  Solariidae  have  a conical  oiierculum, 
which  is  covered  externally  with  numerous  spiral  lamellae. 

The  embryonic  stages  of  Gastropods  are  completed  in  the  egg.  A"ery  early 
in  its  development  the  embryo  forms  a small  shell,  called  the  j^^'otoconch  or 
nucleus,  which  consists  sometimes  of  several  whorls,  and  not  infrequently 
ditl’ers  in  form  from  the  shell  of  the  adult.  The  protoconch  remains  attached 
to  the  apex  for  a time,  in  the  form  of  a small  glistening  knob,  or  a short 
smooth  sj)ire,  which  occasionally  stands  at  an  angle  to  the  rest  of  the  shell,  or 
is  even  twisted  in  a contrary  direction  (heterostrophic).  Should  the  protoconch 
l)ccome  decollated,  a small  calcareous  plate  closes  over  the  apex  of  the  spire. 

All  liranchiate  Gastrojiods  are  acpieous  in  habitat,  but  there  are  some 
forms  having  a lung  cavity  which  live  jiermanently  in  fresh  water  (Limnaeidae), 
and  others  which  are  exclusively  marine  (Siphoiiariidae).  The  greater  number 
of  Gastropods,  especially  the  large  and  solid  forms,  frecpient  the  coast-line, 
and  inhabit  comparatively  shallow  water.  Some  become  attached  to  shoals 
and  i)lants,  others  burrow  in  sand  or  mud.  A great  reduction  in  the  Gastropod 
fauna  is  noticed  at  a depth  of  between  70  and  100  meters,  but  many  genera 
(I'leurotoma,  Fusus,  Xatica,  Odustomhi,  EuUma,  Scissurella,  Turbo,  Cijlichna, 
Torniiliiui,  Aciaeon,  etc.)  jicrsist  into  the  greatest  dejiths  yet  exjilorcd.  Most 
marine  Gastrojiods  are  killed  by  removal  into  fresh  water;  a few  genera, 
however,  are  able  to  maintain  their  existence  in  brackish  or  in  fresh  water 
(Cerithiiiin,  Liflorina,  llissoa,  Trochns,  Purpura,  etc.).  On  the  other  hand,  many 
fresh-water  forms  {Melania,  Melanopsis,  Neritina,  ^dmpuUaria,  Limnaca,  1‘lanorbis) 
can  survive  in  lirackish  or  even  strong  .salt  water. 

Most  Gastropods  arc  herbivorous,  but  a few  subsist  upon  living  or  decom- 
posed animal  food.  IVIany  genera  {Xatica,  Jluccinum,  Murex)  iierforate  the 
shells  of  other  Mollusks  with  their  radula,  and  extract  the  contents. 

Classification. — Ordinal  divisions  have  been  based  since  the  time  of  Cuvier 
and  IMilne-Edwards  upon  the  respiratory  organs,  and  the  structure  of  the  foot 
(whether  adapted  for  swimming  or  crawling).  The  rcjiroductive  organs,  and 
the  structure  of  the  heart  and  nervous  system,  are  also  of  prime  importance. 
For  sej)arating  smaller  groiqts,  shell  characters  and  the  radula  are  largely 
em])loyed.  Gastropods  may  be  diviiled  into  two  sub-classes : Streptoneura, 
with  the  orders  Ctenohranchiata  and  Aspidolranckia ; and  Euthyn^ura,  with 
the  orders  Opisthobraachia  and  Pulmonata. 
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Sub-Class  1.  STREPTONEURA.  Spengel. 

(Prosohranchia,  Cuvier;  Cochluks,  Ihering.) 

Gastropods  in  which  the  visceral  commissures  are  crossed,  producing  an  8-shaped 
loop;  sexes  separate ; heart  behind  the  gill;  a shell  almost  cdivags  developed,  and 
with  few  exceptions  provided  with  an  operculum. 

The  Streptoneura,  or  Prosobraiichiates  as  they  are  often  called,  constitute  by 
far  the  largest  group  of  C4astropods,  and  comprise  at  least  20,000  living  and 
fossil  species.  The  shell  is  usually  spiral,  more  rarely  symmetrical,  saucer- 
shaped or  conical.  The  intestinal  sac  is  twisted  from  left  to  right,  so  that 
the  anal  opening  is  placed  on  the  right  side  near  the  head,  and  the  organs 
normally  belonging  to  the  right  side  (kidneys  and  gills)  migrate  over  to  the 
left.  As  a rule,  oidy  one  (the  right)  of  the  lamellar  gills  is  fully  developed, 
but  in  some  cases  the  two  are  of  equal  size.  The  gill  veins  enter  anteriorly 
into  the  single  or  double-auricled  heart. 

The  large  number  of  Prosobraiichiates  have  been  variously  classified. 
Cuvier,  Milne-Edwards,  and  most  of  the  older  zoologists  laid  emphasis  upon 
the  number  and  formation  of  the  gills  ; Troschel  and  Loven  upon  the  char- 
acters of  the  radula ; Ihering  upon  the  nervous  system ; Morch  and  more 
recently  Perrier  and  Bouvier  upon  the  structure  of  the  heart.  As  none  of 
these  characters  leave  a marked  impress  upon  the  shell,  they  are  without 
practical  value  in  Palaeontology.  Nevertheless,  the  two  orders  Aspidohranchia 
and  Ctenolranchia  form  natural  groups,  and  are  recognised,  albeit  under 
ditferent  names,  in  all  classificatory  systems. 


Order  1.  ASPIDOBRANCHIA.  Schweigger. 

{Cyclobranchia  and  Scntibranchia,  Cuvier.) 

Xervous  system  not  much  concentrated  anteriorly;  a penis  genero.lbj  absent;  radula 
multiserial. 

Tliis  group  includes  most  Palaeozoic  Gastropods,  and  is  regarded  as  the  most 
primitive  expression  of  the  class.  The  nervous  system  and  radula  are  of  low,  decidedly 
generalised  tyj^e,  and  in  some  families  two  symmetrical  ctenidia  or  gills  are  developed, 
as  in  Pelecypods. 

Suh-Order  A.  DOCOGLOSSA.  Troschel.  Limpets. 

(Cyclobranchia  pars,  Cuvier  ; Heterocardia,  Perrier.) 

Symmetrical,  with  conic  or  bov:l-shaped  non-spiral  shells  ; operculum  wanting.  Organs 
of  respiration  represented  either  by  a ring  of  laminae  (secondary  or  pallial  gills)  beneath 
the  mantle  nmrgin,  or  by  a comb-shaped  true  gill  in  front,  anterior  to  the  heart,  or  by 
both  true  and  secondary  gills.  Tongue  set  with  p>eculiarly  modified  teeth.  Heart  vnth 
one  auricle.  Marine.  Cambrian  to  Eecent. 

The  impression  of  the  adductor  muscle  in  the  shell  cavity  is  horseshoe-shaj^ed, 
open  in  front.  In  the  family  Tryblidiidae,  the  horse-shoe  is  broken  into  numerous 
: separate  impressions.  The  three  families  Patellidae,  Acrnaeidae,  and  Lepetidae  have 
1 the  impression  uninterrupted,  and  are  distingiiished  by  the  structure  of  the  gills.  The 


442 


MOLLUSCA 


SUB-KINGDOM  VI 


sliells  themselves  exhibit  little  variation  in  form,  and  hence  tlieir  generic  and  even 
family  affinities  are  almost  always  doubtful  in  the  fossil  state.  About  1400  recent 
limpets  are  known ; these  are  almost  exclusively  shallow  water  inhabitants,  and  sub- 
sist on  algae.  Fossil  forms  are  uncommon. 


Family  1.  Patellidae.  Carpenter. 


Fig.  70.3. 

Acmoeo,  Eaincourti, 
Desh.  Eocene  ; Auvers, 
near  Paris. 


Patella,  Linn.  Cup-shaped,  round,  or  oval,  dejires-sed  conical,  with  sub-central  or 
eccentric  apex.  Surface  usually  with  radiating  ribs  or  striae.  Silurian  to  Eecent. 

Helcion,  Montf  Differs  in  having  the  beak  strongly  recurved 
anteriorly.  Eocene  to  Eecent. 

Helcioniscus,  Dali ; Xacella,  Schum.  Eecent. 

Acmaca,  Eschscholtz  {Tedura,  auct..  Fig.  795).  Like  Patcllu, 
ljut  shell  having  generally  a differentiated 
marginal  band  inside  ; externally  .smooth, 
finely  striated,  or  radially  ribbed.  Beak 
anterior  to  the  middle.  Silurian  to  Eecent. 

Lottia,  Gray,  is  closely  allied. 

Bcurria,  Gray  (Fig.  796).  High  conical,  smooth,  witli  sub- 
central beak.  Jura  to  Eecent. 

Metoptoma,  Pliil.  Depressed  conical,  with  sub-central  beak. 

Posterior  side  excavated.  Silurian  to  Carboniferous. 

Lepetopsis,  Whitf.  Silurian  to  Carboniferous. 

The  genera  Palaeacmaea,  Hall,  from  the  Silurian,  and  Scenclla, 

Billing.s,  from  the  Cambrian,  are  the  olde.st  representatives  of  the 
Docoplossa.  They  are  small,  smooth,  or  radially  ornamented,  and  ^ 
scarcely  to  be  distinguished  from  Acmaea.  Lepeta,  Gray,  and  longchr"  Grra'r'oolitis 
Lepeteila,  Verrill,  are  small  simple  limpets  of  the  Eecent  and  l.iiugnme,  Caivado.s.  i/j. 
late  Tertiary,  with  degenerate,  aborted  gills. 


Fig.  T'.iO. 


Family  2.  Tryblidiidae.  Pilsbry. 

Limpets  with,  the  muscle  scar  broheti  info  nu.merous  separate  impressions.  Silurian. 

Tnjhliilinrn,  Lindstrbm  (Fig.  797).  Shell  depressed,  very  thick,  oval,  371111  anterior 

beak  ; ornamented  externally  with  concentric 
lamellae.  Six  pairs  of  muscle  scars  arranged 
in  the  form  of  a horse-shoe.  Silurian. 


Sub-Order  B.  RHIPIDOGLOSSA. 

Troschel. 

{Scutihranrhiata,  Cuvier  ; Zygohranchiu, 
Ihering ; Diotocardia,  Iheriiig.; 

Symmetrical  and,  limpet-lihe,  or  icith  spiral 
shells.  Gills  plurne-lihe,  tv:o  and  .symmetrical, 
or  single.  Eadula  with  several  leer ge  plates  or 
teeth  in  the  median  portion,  and,  excessively 


Fig.  tot. 


Triihjmhnii  rcliaihilum,  I.iiirlstnuii.  Silurian;  , , 

Gottlaiiii.  A,  Intenial,  and  B,  external  aspect  numerous,  crowded,  iianow,  hooL-sliaped,  nc 

(after  Liiidstr., 111).  Operculum  often 'present. 

The  Phipidoglossa  comprise  both  air-breathing  and  ar|uatic  form.s,  and  are  di\  Lsible 
into  two  series : Zygobranchia,  in  which  two  gills  are  developed,  and  the  shell  is 
generally  perforated  at  the  apex  or  has  a slit  in  the  outer  lip  ; and  Anisoh'i  ancliia, 
with  a single  gill  and  generally  unslit  shell. 
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Family  1.  Haliotidae.  Fleming. 


Shell  flattened,  auriform,  with  vnde  a2)erture,  and  no  operculum.  Interior  nacreous, 
with  a roio  of  loerforations  on  the  left  outer  margin.  Marine.  Cretaceous  to  Recent. 

Haliotis,  Linn.  This,  the  solitary  genus,  occurs  very  rarely  fossil  except  in  the 
Quaternary. 

Family  2.  Pleurotomariidae.  d’Orbigny. 


Shell  spiral,  sub-spherical,  turbinate,  conic,  turreted,  or  p>lanorboid,  nacreous  inter- 
nally. Outer  lip  icith  a slit,  from  which  a slit-band  {the  anal  fasciole)  extends  backward, 
traversing  all  the  vihorls.  The  slit  sometimes  replaced  by  one  or  more  perforations. 
Operculum  horny.  Cambrian  to  Recent. 


Eaphistoma,  Hall.  Spire  depressed 
above.  Umbilicus  moderately  broad ; 
outer  lip  vith  short  notch  on  the  keel. 
Cambrian  to  Silurian. 

Pleurotomaria, 

Defr.  (Figs.  798- 
8 0 2).  Shell 
broadly  conical  or 
turbinate ; spire 
sometimes  high, 
in  other  cases  de- 
pressed ; umbili- 
cus present  or  absent.  Outer  lip  with  slit ; 
in  the  slit-band.  Silurian  to  Recent.  Four 
knoAvn.  Rare  in  the  late  Tertiaiu’ 


or  completely  flattened  ; Avhorls  angular 


Fig.  70S. 

Pleiirotomario.  (Rlwpliisto- 
mella)  radians,  AA’issm. 
Keuper  ; St.  Cassian,  Tyrol. 


Fio.  toe. 

Pleurotmnari".  {Cryptaenio)  poWa,  Goldf.  Lower 
Lias;  Gdppingen,  Wurtemberg. 


growth-lines  strongly  recurved,  meeting 
living  and  several  hundred  fossil  species 


Sub-genera : Ptijchoinphalus,  Agassiz  ; Moiuionin,  IVorthenia,  Agncsin,  de  Koninck  ; 
Gosseletina,  Ivania  {Baylca,  de  Kon.),  Bayle  ; PMphistomella.  (Fig.  798).  Zijgites.  Lrmhelhi, 


Fig.  SOO. 

Plettrotomaria  hitorqnata.,  Des- 
longcbamp.s.  Middle  Lias ; May. 

Calvados. 

Stuorella,  Schizodiscus,  Kittl ; Brilonella,  Kayser  ; Hespericlla , Holzapfel ; Cryjitnenia  (Fig. 
799),  Lcptomaria,  Deslongchamps  (Fig.  802),  etc. 

Porcellia,  Leveille  {Leveilleia,  NeAvton),  (Fig.  80.3).  Shell  discoidal,  flat,  Avidely 
uinbilicate,  nearly  symmetrical,  and  all  but  the  first  feAv  Avhorls  coiled  in  the  same 


Fig.  801. 

Pleurotomar'w  suhscaJaris,  Deslongchamps. 
Lower  Oolite  ; Bayeux,  Calvados,  i/o. 
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])laiie.  Outer  liji  sliarp,  with  long  slit.  Slit-band  prominent,  traversing  the  central 
])ortion  ot  the  M'horl.s.  Devonian  and  Carboniferous. 

kokeneUu,  Kittl.  Very  flat,  di.scoidal,  and  only  slightly  a.syininetrical,  -with  a 

broad  slit -band.  Trias. 
K.  Fischcri,  Hoernes  sp. 

Pol ijtremaria,  de 
Kon.  Shell  turbinate, 


FlO.  SOC. 


Kia.  SOS. 


Plctn'otonwrid  {Lcjitoino rl<i)  inf.ci'Outjtho.la^  Zittel.  Tithoni.m  ; Strain- 
bi’rg,  Moravia. 


I’Dircniii  1‘tcnsi,  LeveilW.  Car- 
boniferous ; Tournay,  Belgiuni. 


with  baud  replaced  liy  a row  of  perforations,  of  M’hich  the  j)osterior  ones  are  succes- 
.sively  clo.sed.  Carboniferous. 


Tiitreraariii,  d’(3rb.  (Fig.  804).  Two  oval  i)crforations  connected  by  a slit  are 
l>resent  behind  the  outer  lip;  ba.se  with  an  umbilical  callu.s.  Jura. 

1 rochotoma,  Deslongch.  Shell  turbinate,  with  conical  base.  A slit  closed  at 


eitlier  end  is  present  behind  the  outer  lij), 
and  corresponding  to  it  is  a slit -band. 
Trias  and  Jura. 

Sf'hi::o(ioniuii>,  Koken  ; Tchuujtrojn.% 
Laube.  Trias.  CKntnntostomu,  Sandb. 
Devonian. 


I'lo.  S04. 

Jilh-i  iiirii'lii  iiriiiinli/i  i-d,  ZiUel.  Upjjer  Titlion- 
iaii  : Stramberg,  .Moravia. 


.1  /;  (■ 


b'lG.  SOO. 


A,  ytinxhisonic.  hiUnwta,  (I'Arcli.  and 
Vein.  Devonian  ; Palfratli,  near  Cologne. 
/;,  .If.  Blunii.  Klijistein.  Trias  : .St.  Cassian, 
Tyrol.  C,  M.  snhuulo’ti',  de  Kon.  Carbon- 
iferous : Tournay,  Belgium.  I-ast  two 

whorls,  -/]. 


Mnnlnsniu'ri,  (V Arch,  and  Vern.  (Fig.  805).  Shell  turreted,  tvith  nnmerons  smootli 
or  ornamented  whorls.  Outer  li]i  tvith  a slit,  and  corresponding  to  it  a slit-band. 
C.'unbrian  to  Tria.s.  Jlaxiiimm  distribution  in  Devonian  and  Carboniferous. 


Sub-genera  : Ilormotomn.  .Salter  : Lophnspiid , 'Wliitf.  ; Goniostrophn,  Oehlert ; Ch<iiloio'i:iii, 
Ivoken. 


Family  3.  Bellerophontidae.  M‘Coy. 

kh'U  hildlcralbi  stiiirinrfn'ral,  coiled  in  one  ]dnnc,  usnalhi  quite  thick,  vdtli  vjcakhj 
derelojjcd  nacreous  layer.  Aperture  hroad,  oval,  or  narrowly  elongate.  Outer  lip  with  a 
ncjtch  or  slit  ‘in  the  'middle,  correspiondiiuj  to  ichich  is  rjftcn  a,  hand,  or  'roiv  rif  qierforations 
along  the  v'horh.  Cambrian  to  Trias. 

Tlie  Pdlerophontidae  were  cla.ssed  by  l\Iontfort  'with  the  Cepihaloqwjda,  by  Deshayes, 
on  account  of  tlieir  resemldance  to  Atlanta,  tvith  the  Heteropoda,  and  by  de  Koninck 
■with  the  Aspidoliranchiate.s.  Tlie  thick  shells  sometimes  retain  traces  of  their 
original  pigmentation.  At  least  300  Palaeozoic  species  have  been  described. 
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Bellerophon,  Montf.  {IVaagenia,  de  Kon.),  (Fig.  806).  Shell  globose  or  discoidal, 
more  or  less  convolute,  and  narrowly  unibilicate  on  both  sides.  Aperture  sub-circular 

or  oval,  with  a deep  median 
sinus ; slit-band  either  dis- 
tinct or  replaced  by  a keel, 
sometimes  absent.  Outer 


Fig.  SO". 


Fig.  806. 

Bellerophon  bicarenus,  Leveille.  Carboniferous;  Tournay, 
Belgium. 


Bellerophon  (Euphemvs)  Urii, 
Flein.  Carboniferou.s  ; Edin- 
burg. 


lip  sharp,  coluniellar  edge  often  with  callus.  E.xternal  surface  marked  only  Ijy 
„ growth -lines.  Silurian  to  Permian ; maximum  in 

4 Ti  O ’ 

Carboniferous. 


Sub-genera : Bucania,  Hall.  Silurian  and  Devonian. 
Wartliia,  Morjulia,  4Vaagen.  Carboniferous. 


Euphemus,  M‘Coj'  (Fig.  807).  Like  Bellerophon, 
Imt  the  inner  whorls,  and  a part  of  the  last,  spirally 
striated.  Caihoniferous. 

Pjij  ggg  Salpingostoma,  Roem.  Shell  widely  unibilicate, 

Cyrtolites  ornatm,  comod.  4,  Speci-  tlie  aperture  suddenly  becoming  greatly  dilated. 

men  viewed  from  one  side,  from  Ordo-  Whorls  traversed  along  the  middle  by  a slit  closed 
vician  of  Boonville,  New  York  (after  . , , , • , • n t-, 

F.  Roemer).  R,  Anterior  aspect  of  speci-  Rllt6riOrly  tlllcL  2DOSt6rioriy.  oliuriclll  aiicl  -L)6V0111clll. 

Oh"o.^™™  Ordovician  of  Cincinnati,  Trematonotus,  Hall.  Like  the  last,  but  the  slit- 

liand  replaced  liy  a row  of  perforations.  Silurian. 

Gijrtolites,  Conrad  (Fig.  808).  Shell  widely  unibilicate,  keeled,  without  slit,  and 

with  strong  transverse  ribs.  Cambrian  to  Carboniferous. 


Family  4.  Fissurellidae.  Risso. 

Shell  symmetrical,  cap-  or  limpet-shaped,  non-nacreous,  icithout  operculum.  Apex  erect 
or  pointing  hachxoarcl,  often  recurved,  perforated..  Anterior  margin  often  vnth  a fissure  ; 
young  shell  vnth  a spiral  nucleus.  Marine ; shore  forms.  Carboniferous  to  Recent. 


Of  the  three  sub-families  into  which  this  group  is  divided,  the  Fissnrelliiiae  are 
known  only  in  the  recent  fauna.  Fissurelliclinae  occur  in  the  Pliocene  ; 
all  the  earlier  forms  are  Emarginulinae. 

Fissurella,  Brug.  Shell  conical,  oval,  with  an  oval  apical  orifice 
bounded  inside  by  an  entire  callus.  Recent.  The  numerous  fossil 
species  referred  to  this  genus  belong  to  Fissuridea. 

Fissurellidea,  d’Orb. ; Pupillaea,  Gray  ; Megatebennus,  Lucapinella, 

Pilsbry ; Macroschisma,  Swains.  These  are  all  recent  genera,  with 
the  apical  orifice  very  large. 

Lucapina,  Gray.  Like  Fissurella,  lint  with  large  apical  orifice  Fig.  so9. 
and  finely  crenate  periphery.  Pliocene  and  Recent.  Fissuriiiea  itaUea, 

Fissuridea,  Swaims.  {Glyphis,  Cpr.  ; Fissurella,  auct.),  (Fig.  809).  Graud,  Hungary. ^ 
Shell  conical,  oval,  with  apex  in  advance  of  the  middle,  giving  place 
to  a perforation  which  is  bounded  inside  Ijy  a posteriorly  truncate  callus.  Carbon- 
iferous (?)  to  Recent ; very  abundant  in  the  Tertiary. 
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Puncturella,  Lowe.  Sliell  conical,  with  a perforation  at  or  in  front  of  the  post- 
median  apex,  beliind  which  there  is  a shelf  within  the  cavity.  Eocene  to  Recent. 


Enwi-ginula  SrhlotJiriiiu,  Eiiwiginula  Muciu^leri,  Pictet. 

Hromi.  Oligocene ; Weill-  Keiii>er;  .St.  Cassiaii,  Tyrol, 

lieini,  near  Alzey,  Baden.  ,1,  li,  Natural  size.  C,  Enlarged. 


Fig.  S12. 


Ilimiila  Goldfussi, 
Koenier  sp.  Coral-Rag ; 
Hoheneggelsen,  Hanover. 
A,  N.atural  size.  11,  En- 
larged. 


Emargiiiula,  Lam.  (Figs.  810,  811;.  Conical  or  cap-shaped,  with  j'ersistent  jtost- 
median  apex,  and  a slit  in  the  front  margin  of  the  .shell.  Surface  cancellated. 
Carboniferous  to  Recent. 

Eimula,  Ifefr.  (Fig.  812'.  Like  the  last,  but  slit  rejilaced  by  a closed  hole  on  the 
anterior  slope.  Lias  to  Recent. 

Suhemaryinnla,  Elainv.  Like  Emarginula,  but  slit  short  or  wanting,  and  no  slit- 
band.  Eocene  to  Recent. 

Scutus,  Montf.  {Parmophonts,  Elainv.).  Shell  depressed,  oblong,  without  fissure, 
slit,  or  slit-band  ; muscle  impression  near  the  edge.  Eocene  to  Recent. 

The  families  PhcnacolqxuUdae,  with  the  single  genus  Phenacolcpas,  Fils.  {Scutellina, 
dray).  Cocculinidae,  and  Addisoniidae  are  recent  groups  allied  to  the  Fissiirellidae. 

Family  Euomphalidae.  de  Koninck. 


Shell  depressed  conieal  to  discoidal,  spirally  coiled,  'more  or  less  deeply  and  xcidehj 
nmhilicate.  llltorls  sometimes  in  a loose  spiral,  smooth  or  angular ; the  earlier  lehorls 
frequently  separated  of  hj  partitions.  Outer  lip  usually  with  a shalloiu  indentation. 
Operculum  calcareous.  Cambrian  to  Cretaceoas. 

The  Euompdialidae  belong  primarily  to  the  Palaeozoic  era.  They  have  been 
variously  a.ssociated  with  the  I'rochidae,  Turhinidae,  Littorinidae,  and  Solariidae.  The 
shells  bear  a strong  resemblance  to  tho.se  of  the  last-named  group,  but  in  Solarium  the 
embryonic  apex  is  sinistral,  whereas  in  the  Euomqjhalidae  it  is  de.xtral.  Opercula  are 
known  with  certainty  in  only  a few  genera,  such  as  Maclurea.  de  Koninck  surmised 
^ that  the  deeply  excavated,  slipper-shaped  o])ercula  from 

the  Carboniferous,  described  originally  as  Calceola 
Jhirnontiana,  are  referable  to  Euomphalus. 

StraparoUina,  Eillings.  Cambrian.  Opihileta,  Van- 
uxem.  Cambrian  to  Silurian.  Maclurea,  Leseueur. 
Ordovician  and  Silurian. 

Platyschisrna,  M‘Coy.  Thin  - shelled,  depressed 
conical,  smooth.  L'mbilicus  relatively  narrow;  outer 
lip  with  broad  sinus.  Silurian  to  Carboniferou.s.  P. 
helicoid.es.  Sow.  Carboniferous. 

Straparollus,  Month  (Fig.  813).  Turbinate  to  dis- 
Whorls  smooth  or  with  fine  transver.se  striae.  Silurian 
to  Jura  ; esjiecially  abundant  in  Devonian  and  Carboniferous. 

Phanerotinus,  Sow.  Like  the  last,  except  that  the  whorls  form  an  open  spiral. 
Cai-bonifei-ous. 

Euornpjhalu.s,  .Sow.  (Pleuronotus,  Hall ; Schiwstorna,  Eronn),  (Fig.  814).  Depre.ssed 


Flo.  M3. 

Shit^Kirollvs  Montf. 

bonitVTOUs  ; Vise,  Belgium. 


Car* 


coidal,  with  broad  umbilicus. 
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conical  to  discoidal,  with  wide  umlhlicus.  Spire  flattened  or  even  concave  superiorly ; 
wliorls  angular,  the  edges  sometimes  set  with  nodes  {Phijmatifer,  de  Kon.).  Outer  lip 
with  emargination  at  the  upper  angle.  Silurian  to  Trias  ; maximum  in  Carboniferous. 


Fig.  S14.  Fig.  815. 

Euomphalus  caHlhis,  Sov.-'b.  sp.  Carboniferous;  Kildare,  Ireland.  DiscolieUz  oriis,  Reuss.  Jliddle  Lias; 
A.  Superior,  and  B,  Inferior  aspect.  Hiiiter-Schafberg,  Austria. 

Sub-genera : Omphalocirrus,  de  Ryckholt.  Devonian  and  Carboniferous.  Coclocentrus, 
Zittel.  Trias. 

Discohelix,  Dunk.  (Fig.  8 1 5).  Flat,  discoidal ; 1121  i>er  side  flat  or  slightly  concave,  the 
lower  widely  umbilicate.  Whorls  rectangular,  with  siiai'2i  edges.  Trias  to  Oligocene. 


Family  6.  Stomatiidae.  Gray. 

Shell  depressed,  composed  of  a few  very  rapidly  widening  whorls ; nacreous  internally ; 
aperture  large. 

With  the  exce2)tion  of  Stomatia,  Helb.,  and  Stomatella,  Lamarck,  a few  rare 
re2iresentatives  of  which  are  knotvn  as  early  as  the  Cretaceous  (2Jerha2is  also  Jurassic), 
this  family  lielongs  to  the  Recent  2ieriod. 

Family  7.  Turbinidae.  Adams. 

Shell  turbinate,  discoidal,  or  turreted,  nacreous  internally.  Aperture  rounded  or 
oval ; inner  lip  smooth  or  ivith 
Operculum  calcareous,  very  thi 
to  Recent. 

The  extraordinarily  abun 
tinguished  2’rin-cip3,lly  ^^y 
characters  of  the  operculum ; 
but  inasmuch  as  this  is 
known  in  but  few  of  the 
fossil  forms,  the  precise 
determination  of  the  latter 
is  usually  uncertain.  It  is 
customary,  therefore,  to 
group  under  the  general  1 
head  of  Turbo  such  fossil 
turbinate  shells  with  a sub-circular  a2ierture  as  are  not  S2iecially  distinguislied  liy  some 
other  characters. 

Omphalotrochus,  Meek  {Polytropis,  de  Kon. ; Oriostoma,  Lindstrbm  non  Munier- 
Chalm.),  (Figs.  816,  817).  Discoidal  or  de2Jres.sed  conical,  widely  umliilicate.  Whorls 


callus,  the  outer  lip  never  reflected, 
ck,  convex  externally.  Ordovician 

dant  recent  Turbinidae  are  dis- 


Fig.  SI6. 

Omphcdotrochus  discus,  Sowb.  Silurian 
)udley,  England.  i/i  (after  Nicdiolson). 


Fig.  S17. 

Omphcdotrochus  gldbosus, 
Scdilotli.  sp.  Silurian  ; 
Gottland.  Operculum 
preserved  in  place  (after 
Lindstriiin). 
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round,  ornamented  with  raised  longitudinal  keels.  Ojiercnlnm  extremely  thick,  Hat 
internally,  conical  externally,  mnltispiral.  Ordovician  to  Carboniferons ; especially 
abundant  in  Silurian. 

Gydoiicma,  HalWFig.  818).  Turbinate;  whorls  inflated  and  ornamented  witli 


Fio.  SIS. 

f'yclonini"  hilU'. 
Conrail.  Onlo- 
vician ; Cincinnati. 
Oliio. 


Fin.  sue 

Aslrnl!iini(Dul/ii")  ruijosnm,  I. inn.  Pliocene  ; 
Pienza.  Tu.scany.  Shell  and  oi<erculnin. 


Fin.  S20. 

Astri'Uum  {UveniUn)  Damon, 
I.aiihe.  Keuiier ; St.  Cas.dan, 
Tyrol. 


fine  spiral  striae.  Aiierture  rounded,  peristome  di.scontinuous.  Operculum  conical, 
flat  internally,  externally  with  spiral  flutings.  Ordovician  to  Devonian. 

Astralinm,  Link.  (Fig.s  819,  820).  Turlunate  ; whorls 
rough,  often  spiuose,  and  usually  keeled.  Aperture  depres.«ed, 
with  disconnected  margin.  lla.se  more  or  le.s.s  flattened ; 

operculum  calcareou.s,  thick,  Hitt  internally, 
spirally  coiled,  and  with  very  eccentric 
nucleus.  Trias  to  llecent. 


Fin.  S-J2. 


Sub-genera  ; Bolnia,  Ri.sso  (Fig.  819)  ; Puclai- 
pohia,  Lilh<qioiii<i,  Uv'iniUa  (Fig.  820),  Gail- 
/(jriliii,  Gray  ; 


(Jtilcar,  ilontfort,  etc. 


Fin.  s-21. 


Turbo  (Xinrlh')  Porkinsonij 
Hast.  Oligoceiie ; Dax,  iioar 
Bonloaux. 


CoJloniif  moiJe>tn, 
Fucli.s.  Olixoceiif ; 
Monte  Gruini,  near 
Castel  Gomberto, 
Italy. 


'TarhOj  Linn.  fFig.  821;.  Turljinate  to 


conical  ; aperture  nearly  circular, 
culum  calcareous,  thick, 
flat  internally,  extern- 
ally convex,  multispiral,  with  sub-central  nucleus.  Silurian  (?) 
to  Recent. 

Sub -genera:  Sn rniiit icnx.  Xinrlld,  (Fig.  821  ; Mode! in.  Cnllopo'inn, 

Gray  ; Scneclits.  Huinplir.  ; Bnlillns,  Schuin.,  etc. 

Collonia,  (fray  (Fig.  822).  Like  Turho,  but  operculum  with 
thill  calcareous  layer  disposed  in  a spiral  rib.  Eocene  to  Recent. 

Family  8.  Phasianellidae.  Troschel. 

Hhdl  eloivinted,  oval,  thin,  smooth,  lustrous,  porcellanous,  not 
nacreous  internalhj,  without  unthilicus.  llodii  ichorl  large,  with 
oval  aperture.  Operculum  calcareous,  convej:  e.rternallg.  Devonian 
to  Recent. 

Fhasianella,  Lam.  {Phasianus,  Montf.),  (Fig.  82.3).  AVith 
tlie  characters  of  the  family.  Cretaceous  to  Recent  ; perhaps  also  Palaeozoic. 


Oper- 


Fig.  S23. 

I'hnsianellii  (Josavim, 
Zekeli.  Turoniaii  ; 
Gosau,  Austria. 
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Family  9.  Delphinulidae.  I’isclie)-. 

Shell  turbinate  or  discoiilal,  usually  thich,  nacreous  internally,  and  ornamented 
externally  with  spines,  ribs,  or  folds.  Aperture  circular,  peristome  entire;  outer  lip> 
usually  expanded  or  thickened.  Operculum  horny,  often  strengthened  by  a thin  calcareous 
outer  layer.  Silurian  to  Recent. 

Craspedostoma,  Lindstriim.  Globose,  narrowly  umbilicate,  with  short  .spire,  and 
large  transversely  striated  or  cancellated  body  whorl.  Inner  lip  with  an  alar  2U’Ocess 
at  the  end  of  the  columella.  Silurian.  C.  elegant ul urn,  Lindstrbm. 

Grossostoma,  Morr.  and  Lyc.  (Fig.  8^4).  De2U'e.ssed  turbinate,  smooth,  Avithout 


FlO.  S27. 

Delphinula  scohino^ 
Brongt.  sp.  Oligocene ; 
Gaas,  near  Dax,  France. 

Outer  lij)  somewhat 

rettexea.  irias  ana  Jura. 

Liotia,  Gray  (Fig.  825).  Depressed  turbinate,  with  transverse  swellings.  Ajierture 
thickened  by  a callous  rim.  Jura  to  Recent. 

Delphinula,  Lam.  {Angaria,  Bolt.),  (Figs.  826,  827).  Depressed  turlhnate,  uni- 
bilicate.  Whorls  scaly,  sjjinous,  or  spirally  ornamented.  Ajierture  circular,  lip 
Avithout  thickening.  Trias  to  Recent. 

Family  10.  Trochonematidae.  Zittel. 

Shell  pyramidal,  turbinate,  or  discoidal,  dextral  or  sinistral,  with  internal  nacreous 
■ layer.  IVhorls  convex,  tvith  one  or  more  longitudinod  keels,  and  slightly  undulating  trans- 
> verse  striae  or  ribs.  Aperture  rounded,  sometimes 
‘ vnth  faint  notch.  Operculum  unknown,  presumably 
I horny.  Marine.  Camhrian  to  Cretaceous. 

This  extinct  grouj)  is  very  abundant  in  the 
I Palaeozoic,  and  notably  so  in  Jurassic  rocks.  The 
1 shells,  as  a rule,  are  liighly  ornamented,  and  have 
; been  associated  by  some  with  the  Littorinidae,  Ijy 
! others  with  the  Turbinidae  or  Purpurinidae.  They 
’ form  a distinct  femily,  vdiich  is  best  jdaced  in  tlie 
'■  neighbourhood  of  the  Turbinidae  and  Trochidae. 

I Trochonerna,  Salter.  Pyramidal  to  turbinate, 
deeply  umbilicate,  longitudinally  keeled  and  trans- 
, versely  striated.  Aperture  round  ; the  umbilicus 
.!■  'surroirnded  by  a keel.  Cambrian  to  Silurian. 

Eunema,  Salter  (Fig.  828).  Pyramidal,  Avith 
acute,  elongate  sjhre,  and  no  umbilicus.  Whorls 
with  tAvo  or  more  sjAiral  keels,  and  strong  transverse  striae.  Aperture  oval,  slightly 
notched  anteriorly.  Ordovician  to  DeA'oniau. 

Amberleya,  Morr.  and  Lyc.  {Eucyclus,  Deslongch.),  (Fig.  829).  Turbinate  to 
VOL.  I 2 0 


Fig.  S2S. 


Kunevui  striffi- 
lata,  Salter.  Or* 
(luvician  ; Pau- 
quette  Falls, 
Canada. 


Fig.  S29. 

Amhedeya  cajiitanea, 
Miinst.  Upper  Lias ; 
La  Verpilliere,  near 
Lyons,  France. 


Fig.  824. 

Crossostoma  ?•«- 
Jlexilahrum,  d’Orb. 
sp.  Middle  Lias ; 
May,  Calvados. 


Fio.  825. 

JAotia  (krcilld, 
Desli.  sp.  Calcaire 
drossier;  Haute* 
ville,  near  Valogne, 
France. 


Fig.  82(3. 

Jh' I ph inula  sea rega ta , 
Heb.  Desl.  Callovian  ; 
^lontreuil  - Bellay, 
Maine-et-Loire. 


umbilicus.  Sjjire  short,  ajierture  round,  narroAved  by  a callus. 
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j)yrainidal,  witli  deep  sutures,  and  no  uinbilieiis.  Spiral  keels  usually  nodose  or  sj)iny, 
and  crossed  l>y  strong  transverse  striae,  which  are  more  numerous  in  the  lower  portion 


Fic.  S30. 

Plafyacra  i m pirssn, 
8chafh.  sj).  Lower 
Lias  ; Hocli  fel  I e n, 
liavaria. 


Fig.  831. 

(’ii'nus  nodos'iuc,  8owb.  Lower  Oolite  ; Yeovil,  England. 


of  the  whorls  than  in  the  iqiper.  Aperture  rounded,  sometimes  with  a shallow  notch. 
Trias  to  (JretaceoiLS  ; common  in  all  divisions  of  the  Jura. 

Oncospira,  Zitt.  Pyramidal,  spirally  rihhed,  with  one  or  two  transverse  swellings 
on  each  whorl,  disposed  continuously  along  the  s])ire.  Jura. 

Hnmusiiia,  (lemm.  Sinistral,  with  nodose  longitudinal  keels,  and  no  umhilicus. 
Lias. 

Flatjiarni,  \.  Ammon  (Fig.  830).  Like  the  last,  hut  with  llatteiied  ape.x,  and  the 
earlier  whorls  discoidal.  Idas. 

Cirrus,  Sow.  (Scarroht,  (ft-mni.),  (Fig.  831).  Sinistral,  turbinate  shells,  deej)ly 
and  widely  umbilicate.  Sjiire  acuminate  ; whorls  spirally  keeled  and  striated,  and 
with  strong  transverse  rilw.  Trias  to  ^Middle  Jura. 

Family  11.  Trochidae.  Adams. 


that  of  the 


Shell  conical,  tarhinatc  or  pjiramiilal,  nacreous  internullij.  Aperture  trajiezoidal  or 
sub-circular,  peristome  ilisconnectrd,  inner  liji  often  heanni)  a tooth.  Jkise  more  or  less 
fattened;  ojicrculiun  thin,  hornij.  Ordovician  to  llecent. 

Precise  determination  of  the  numerous  fo.ssil  Trochidae  is  not  less  difficult  than 
Turhiaidai.  Palaeozoic  and  i\le.sozoic  forms  in  many  cases  do  not  har- 
monise with  recent  genera,  hut  represent 
rather  collective  tyjie.s,  in  which  character- 
now  distributed  amongst  several  genera  or  even 
families  are  united.  Shells  incajarhle  of  more 
accurate  determiuation  are  commonly  a.s.signed 
to  the  genus  Trochus.  Among  the  more 
ancient  tine  Trochidae  may  he  mentioned  the 
following: — the  Trochus  sjjecies  described  by 
Lindstrom  from  the  Silurian  of  Gotland;  ako 
Fleminijiu  and  Glijptohasis,  de  Koninck,  and 
Microdoma,  Meek  and  Worthen,  from  the' 
Carboniferous ; Turbina  (F'ig.  832)  and  Twr- 
bonellina,  de  Koninck,  ranging  from  the  Car- 
boniferous to  the  Trias. 

Trochus,  Linn.  (Fig.  833).  Shell  conical  or  pyramidal ; whorls  slightly  convex  or 


Fig.  83l\ 

T u rbi  na  spi  ral 
Munst.  Keuper;8t. 
Caspian,  Tyrol. 


Fig.  83.3. 

Trochus  (Teefus)  Luca- 
snnus.  llrongt.  Oligo- 
ceno  : Castc'l  Goiiiberto, 
near  Vicpiiza. 
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fiat ; base  angular  at  periphery.  Inner  lip  often  truncated  anteriorly,  thickened  or 
with  teeth.  Silurian  to  Recent. 


Sub-genera  : Tectiis,  Month  (Fig.  8-33)  ; Polydonta,  Sohuni.  ; Clanculus,  Month,  etc. 


Fig.  834. 

Monodonta  nodosa,  Miiii.st. 
Keeper ; St.  Cassian,  Tyrol. 


Fig.  S3.5. 

Monodonta  (pxystele)  patula, 
Brocohi.  Miocene  ; Steiiia- 
brunn,  near  Vienna. 


Fig.  83ij. 

Gihbula  picta, 
Eichw.  Mio- 
cene ; Wieseii, 
near  Vienna. 


Fig,  837. 

Gihti  u la,  B rocoh  i i, 
Mayer.  Pliocene; 
Montopoli,  Tuscany. 


Monodonta,  Lam.  (Figs.  834,  835). ' Turbinate,  with  nearly  round  aperture,  the 


Fig.  838. 

Calliostoma  sevii- 
punctatum,  MUnst. 
Keuper ; St.  Cas- 
sian, Tyrol,  -/i. 


Fig.  83l>. 


Calllofitoma  aequaJU, 
Buy.  Coral-Rug  ; yt. 
Michiel,  Meuse. 


Fir.  S4C. 

LewisieUa  conica,  d’Orb. 
sp.  Middle  Lias;  May, 
Calvados. 


Fig.  841. 


Solarie.Ua  pereg  ri  n<t. 
Libassi  .sp.  Pliocene;  Oi- 
ciaiio,  Tuscany. 


Fig.  842. 

3/a  rgari  ta  margaritn  la , 

31er.  ( )ligocene;  Weinheiin, 
near  Alzey,  Baden. 


columella  ending  below  in  a tooth.  Trias  to  Recent. 
Oxijstele,  Phil.,  the  tooth  is  wanting. 

Gibhula,  Risso  (Figs.  836,  837).  Turbinate  or  low 
conic,  umbilicate,  and  with  rounded  apierture.  Tertiai'y 
and  Recent. 

Calliostoma,  Swains.  {Zizijjhinas,  Gray),  (Figs.  838, 
839).  Conical,  with  peripheral  keel  and  flattened  base. 
Trias  to  Recent. 

Other  genera  are  Cantharidus,  Montfort ; Lcicisiella, 
Stol.  (Fig.  840)  ; Chlorostoma,  Swains.  ; Solariella, 
Wood  (Fig.  841);  Margarita,  Leach  (Fig.  842); 
Danilia,  Brus.  (Fig.  843),  etc.  Most  of  these  have  a 
more  or  less  extensive  Tertiary  history. 


In  the  sul.i-genera  Osilinus  and 


Fig.  843. 

Danilin  clathrata,  Etall.  sp.  Coral- 
Rug  ; Valliii,  Ain.  -/]• 


Family  12.  Umboniidae.  Adams. 

Shell  small,  usually  depressed,  discoidal,  smooth  and  lustrous,  or  with  fine  spiral 
striae,  and  without  nacreous  layer.  Outer  lip  sharp,  peristome  discontinuous.  Umbilicus 
often  concealed  by  a callus  ; operculum  horny.  Silurian  to  Recent. 

Allied  to  the  recent  genera  Umboniurn,  Link,  (llotclla,  Lam.),  Isanda,  Adams, 
Camitia,  Gray,  etc.,  are  a number  of  fossil  forms,  such  as  Pycnomphalus,  Lindstnim, 
from  the  Silurian  and  Devonian  ; Anomphalus,  Meek  and  Worthen,  and  Hotellina,  de 
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Koiiinck,  from  the  Carhoniferous  ; Chrysodomu,  Swainson  (Fig.  844),  from  tlie  Jura,  and 
otlieis,  wliicli  are  j)rohab]y  the  ance.stoi-s  of  tlie  Umhonidne. 

Wliether  tlie  genera  Teinostorna  (Fig.  845)  and  Vitrinella,  Adaims,  together  with 
tlieir  fossil  allies  from  the  Carhoniferous  onward,  are  rightly  assigned  to  this  grouj),  is 


Fig.  S44. 

( 'll  ri/sostoM(/ 
Acinon,(Vi  )rb. 
s|). 

Jura:  Jialin, 
near  Cracow. 


Fig.  b4.j. 

Tiunostoma  rutdlor- 
formls,  Desli.  Calcaire 
Grcfssier  ; Grignon, 
lu'ar  Paris. 


Fig.  S40. 

Ildicocrujitus  jmsiUns,  Rohui.  sp. 
Coral  - Hag  ; JJiulencr  l^erg,  near 
Hannover. 


Fio.  847. 

tricostatus, 
Desh.  Eocene  (Middle 
Meeressand)  ; Auvers, 
fSeine-et-Oise. 


douhtful.  Helkocryptas,  d’Orh.  (Fig.  84G),  from  the  Jura  and  Cretaceous,  is  related  to 
Vitrinella.  Cyclostrenia,  Mairyat,  conqirising  small,  lustrou.s  shells ; and  the  sjiirally 
striated  ones  known  as  Adeorhis,  S.  Wood.  ("Fig.  847),  jiresent  strong  resemhlances  to  the 
Urnhoniidae ; hut,  according  to  Fhscher,  they  form  sejiarate  familie.s.  lloth  of  the  last-  i 
named  genera  have  fossil  representatives  in  the  Tertiary. 

Family  13.  Neritopsidae.  Ffschcr. 


Shell  oral  to  .•iemi-yhdiose,  udth  .short,  sometimes  laterally  hoisted  spire,  and  without 
HinhilicHs  or  nacreous  layer.  ]>ody  ndwrl  very  larye ; ajwrture  oval  or  semi-circular. 

Inner  lip  callon.s,  curved,  and  occasionally  notched.  Operculum  calcar- 
eous, not  spiral,  v:ith  sub-central  nucleus,  and  internally  with  callous 
colutnellar  maryin,  which  forms  a broad,  anyular,  or  rounded  ^irucess 
in  the  middle.  Devonian  to  Kecent. 


The  Neritopsidae  are  distinguished  from  the  closely  related 
Fk:.  .S4S.  Neritidae,  principally  hy  the  totally  dilferent,  non-spiral  ojierculuni, 
.\micoims .Uinidri-  the  earlier  whorls  are  not  resorhed,  as  in  the 

K*'uper;  «t. Cassiaii.  latter  family.  Detached  o])ercula  have  heen  (le.scril>ed  under  tlie 
names  of  Vcltarion,  Scuphanidia,  Cyclidia,  and  Ithynchidia. 
Xaticopsis,  ^l‘Coy  {Neritomopsis,  Waagen),  (Fig.s.  848-850).  Shell  oval  to  globose, 


Fiu.  841). 


.1,  Naticopsis  mujiliata,  Phil.  Carboniferous;  Vise,  Hdgiuin. 
Hy  Operculum  of  A'.  pUuiispira,  from  same  locality  (after  de 
Konitick). 


smooth  or  transvemely  striated.  Aperture  oval  ; 


! 

Naticopsis  lemniscata,  Iloernes.  Trias;  im 
Esino,  Lombardy.  Original  coloration  ^ 
preserved.  V 


inner  lip  flattened,  somewhat 
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; callous,  curved,  and  sometimes  transversely  striated.  Sj^arse  in  Devonian,  but  very 
common  in  Carboniferous  and  Trias. 

Hologyra,  Koken.  Semi-globose,  smooth,  with  faintly  impressed  sutures.  S2)ire 
short,  laterally  situated,  not  resorbed  internally.  Inner  lip  flattened,  callous,  covering 
the  umbilicus,  and  with  sharp  margin.  Abundant  in  the  Trias.  Some  species,  such 
' as  H.  neritacea,  Mtinst.  sp.,  have  the  original  colouring  admirably  preserved. 

Marmolatella,  Kittl.  Auriform  to  cap-shaped,  with  very  short,  incurved,  and 
I almost  marginal  spire.  Last  whorl  much  distended  ; inner  lip  callous,  luoad,  arched. 
1 Trias.  M.  (Osfrea)  stomatia,  Stopp.  sp.  ; M.  Telleri,  Kittl.  sp. 

■i  Natiria,  de  Koninck ; Silurian  to  Carboniferous.  Palaeonarica,  Kittl.  (Pseado- 
[ fossarus,  Koken). 

" Xaticella,  Miinst.  (Fig.  851).  Thin-shelled,  depressed,  with  straight  spire,  and 
[j  large,  transversely  ribbed  body  whorl.  Trias. 

I Platyclnlina,  Koken  {Fossariopsia,  Laube).  Spire  depressed,  straight  ; last  whorl 


Fig.  8.51. 

Xaticella  costata,  Jliinst. 
Upper  Trias;  Wengen, 
Southern  Tyrol. 


.4  B 


Fig.  So’2. 

A,  Xeritopsis  mmiiliformis,  Grat. 
iliocene  ; Lapugy,  Traiusylvania.  B,  X. 
spinosp,  Heb.  Deslong.  Callovian  ; 
Montreuil-Bellay,  Maine-et-Loire. 


A B 


Fig.  S.53. 

Xeritopsis  radula.  Recent  ; 
Mew  Caledonia.  J,  External, 
and  B,  internal  a.spect  (after 
Crosse),  i/i. 


' large,  surface  rough,  tuberculose.  Inner  lip  even,  with  simple  margin.  Trias.  P. 
\ ■ pustulosus,  Miinst.  sp. 

Delphinulopsis,  Laube.  Like  the  last,  but  spire  composed  of  loosely  connected 

t,  whorls.  Sutures  deep.  Body  whorl  with  nodose  longitudinal  keels.  Inner  liji  even, 
with  sharp  margin.  Trias.  D.  hinodosa,  Jliinst.  sp. 

Xeritopsis,  Grat.  (Figs.  852,  853).  Spire  depressed,  body  whorl  very  large.  Sur- 
face with  spiral  and  transverse  ribs  or  nodes,  often  cancellated.  Inner  lip  thickened, 
I with  broad,  angular  emargination  in  the  middle.  Trias  to  Eecent. 


Family  14.  Neritidae.  Lamarck. 

' Shell  semi-globose,  without  umbilicus  or  nacreous  layer.  Spire  very  short,  somewhat 
. lateral;  whorls  rapidly  broadening,  the  last  very  large,  and.  earlier  ones  resorbed  inter- 
j nally.  Apierture  semi-circular ; margin  of  the  flattened  or  calloused,  inner  lip  often  with 
I teeth.  Operculum  calcareous,  with  a lateral  spiral  nucleus,  and  a process  for  muscle 
attachment  on  the  inner  side.  Trias  to  Eecent, 

The  Xeritidae  are  partly  marine,  and  partly  fresh-water  inhabitants.  The  former 
live  irsually  in  the  vicinity  of  the  coast,  the  latter  often  in  brackish  water.  Since  the 
earlier  whorls  are  internally  resorlied,  casts  reveal  no  trace  of  the  spire.  This 
character,  together  with  the  form  of  the  operculum,  serves  to  distinguish  the 
family  from  the  Xaticopsidae,  from  which  both  it  and  the  terrestrial  Helicinidae 
are  probably  descended.  Fossil  forms  not  infrequently  retain  traces  of  their  former 
coloration. 

Xeritaria,  Koken  {Protonerita,  Kittl).  Sjhre  acuminate,  suture  deep,  surface 
smooth.  Outer  lip  sharp  ; inner  lip  callous,  flattened.  Eesorption  of  the  inner  walls 
1 incomplete.  Trias. 
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Fio.  S54, 

A.  Xcr}f<i  Lnjfoiti,  Merian.  Citliarella  Limestone  ; EpCen- 
hoft-n,  near  ScliaH'hausen,  Switzerland.  Ji,  X.  <jninvln.<n, 
D*'.sh.  Eocene  (Sables  Moyens)  : Auvers,  near  Paris. 

f,  nperculuni  of  a recent  Xcrita.. 


Fi(».  855. 

Onmrhihis  fliromatiauf,  Zittel.  Upper  j 
Tithonian  ; Slrainberj;,  Moravia. 


Xerifa,  Liiiii.  (Fig.  8.54).  Thick,  ovoid,  or  senii-globo.se,  imperforate.  Surface 
smooth  or  with  sjiiral  ribs.  Inner  liji  callon.^,  flattened,  with  a .straight,  often  den- 
ticulate border.  Ojiercnlnm  snb-sjiiral.  Trias  (?)  to  llecent. 

Onrocltilns,  Pethb  (Fig.  85.5).  Smooth;  inner  liji  arched,  callon.'^,  bearing  two  or 
three  teeth  on  the  margin  or  smooth  ; outer  liji  sharji.  Trias  and  .Inra. 

Lissochilus,  Pethb  (Fig.  85C) ; Xeritodomus,  Morr.  and  Lye.;  X>:ritoma,  Morris, 
.(lira.  Ofostoma,  d’Arch.  ; hejanira,  Stol.  Cretaceous. 

Veluten,  Month  (Fig.  857).  Dejne.ssed  conical,  only  the  curved  ape.x  of  the  spire 

-I  /;  r 


visible.  Last  whorl  very  large.  Inner  lip  conve.x  or  straight,  with  denticulate  margin,  j 
Almudant  in  the  Eurojiean  Eocene;  sometimes  attaining  a size  of  10  or  12  cm.  ' 

Xentina,  Lam.  (F'ig.  858).  Small,  semi-globose,  lustrous,  smooth  or  spiny,  mostly  ] 
brilliantly  coloured.  Inner  lip  tlattened,  with  .shar])  or  finely  toothed  margin  ; outer  j 


Fio.  SjO. 


/.  ilus  si  ijn  rc  t i n us,  B ii  v. 

Coral-  Rag  ; lIohcneggplstMi. 
I laiinovtT. 


Fir;.  858. 

Xf'rifl  11(1  (irntclnupn  7W,  Fit. 

MiopHii**;  Haufflbiirg,  near  Giinz* 
burg. 


Fit;.  859. 

Pilfohis  pliratus,  Sowb.  Batlion- 
iaii  ; Duignine,  Calvados. 


I’lr;.  857. 

Vtflutfs  Srhmideliajius,  Clipui.  Eocene  (Lower 
Meeressand) ; Cnise-la-Mothe. 


lip  .sharp.  Inhabits  brackish  or  fresh  water.  Abundant  in  Tertiary  and  Recent.  The  V 
supi  lo.sed  Mesozoic  forms  belong  princijially  to  Xerita.  I 

Pileolus,  Sowb.  (Fig.  859).  Small,  cup-.shaped  to  depressed  conical,  ovoid  or  round.  ( 
Apex  slightly  curved  backwards;  only  the  last  whorl  visit  ile.  Aperture  .semi-circular;  4 
inner  lip  broad,  callou.s.  Jura  to  Eocene. 
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Order  2.  CTENOBRANCHIATA.  Schweigg. 

{Pectinibranchia,  Cuvier  ; Azygobmnchia,  Ihering  ; Monotocarclia,  Bouvier.) 

Right  cervical  gill  pectinate,  very  large,  and  n,sually  transposed  to  the  left  side,  owing 
to  [torsion  of  the  body;  the  left  gill  atrophied.  Heart  with  but  one  auricle.  Radula 
small,  variously  constructed,  but  usually  armed  with  few  teeth  in  a transverse  series. 
Shell  coiled  in  a more  or  less  elevateds  spiral,  rarely  cup-  or  cap-shaped. 

The  Gtenobranchiata  constitute  the  largest  group  of  the  Streptoneura.  They  are 
for  the  most  part  marine,  but  some  are  terrestrial,  and  some  inhabit  fresh  water. 
Beginning  in  the  Silurian,  they  attain  their  maximum  distribution  in  the  Mesozoic, 
Tertiary,  and  Recent  periods.  A division  into  two  groups — Holostomata  and  Siphono- 
stomata — according  to  the  nature  of  the  aperture,  has  been  attempted  ; but  this  is 
unnatural,  since  it  emphasises  a shell  character  which  is  unaccompanied  by  any 
anatomical  differences.  Classifications  based  ujion  the  structure  of  the  radula,  such  as 
have  been  proposed  by  Troschel,  and  more  recently  by  Bouvier,  are  valueless  in 
Palaeontology.  Here  it  will  be  sufficient  to  recognise  two  sub-orders  primarily  : 
Platypoda,  in  which  the  foot  is  normally  developed  ; and  Heteropoda,  in  which  it  is 
modified  into  a fin. 


Sub-Order  A.  HETEROPODA.  Lamarck. 


{N ucleobranchiata,  Blainville.) 

To  the  Heteropoda  belong  naked  or  shell-covered,  free  - swimming  and  pelagic 
marine  Mollusks,  with  distinct  head  and  highly  developed  sense  organs.  Heart,  gills, 
reproductive  organs,  and  nervous  system  agree  with  the  corresponding  organs  of  the 
Ctenobranchiates ; the  radula  resembles  that  of  the  Taenioglossa.  They  differ  con- 
siderably, however,  from  the  Prosobranchiates,  since  the  foot  is  modified  into  a sort  of 
vertical  fin,  and  imparts  to  them  a peculiar  appearance.  They  rise  usually  toward 
evening  in  great  swarms  to  the  surface  of  the  ocean,  where  they 
hover  about  with  a very  rapid  motion,  swimming  in  an  inverted 
position,  with  the  dorsal  side  down,  and  the  foot  uppermost. 

They  are  exceedingly  delicate,  often  transparent  organisms. 

The  body  may  be  either  entirely  naked  or  provided  with  a 
very  thin,  light  shell. 

Two  recent  genera  have  been  found  also  in  early  Tertiary 
deposits.  Of  these  Carinaria,  Lamarck,  has  a keeled,  cap- 
shaped, glassy  shell ; while  in  Atlanta,  Lesson  (Fig.  860),  the 
delicate  shell  is  coiled  spirally  in  a single  plane,  and  the 
aperture  is  provided  with  a slit.  Owing  to  the  great  similarity  of  Atlanta  and 
Oxygyrus  to  certain  Palaeozoic  Bellerophontidae,  a relationship  between  the  two  has 
been  not  unplausibly  suggested.  The  latter  forms  are  distinguished  principally  by 
their  heavier,  thicker  shells. 


Fig.  S60. 

Atlanta  Peronii,  Lesueur. 
Recent ; Atlantic  Ocean. 


Sub-Order  B.  PLATYPODA. 

Superfamily  1.  GYMNOGLOSSA. 

More  or  less  completely  parasitic  forms,  in  which  the  radula  is  unarmed  through 
degeneration. 


-MOLLUSCA 


SUB-KIXGDOM  VI 


4')  6 


Fi<;.  S6L 

.1 , ICvUmo,  $uh- 
ulotu,  Don,  Plio- 
; Coronciiia, 
Tuscany.  /;,  E. 
politn,  Linn. 
Miocene;  Xieder- 
leis,  Moravia. 


ITo.  S&2. 


Eloiigatv- 


Fainily  1.  Eulimidae.  Fi.sclier. 

Small,  polished,  doncjate-conir  shells,  v:ith  ovate  apert n res ; the  axis  often  distorted; 

nucleus  dextral.  Trias  to  Iteceiit. 

Rulirna,  liisso  (Fig.  801).  Tiirietwl,  smooth,  lustrous, 
witliout  umhilkus.  Tria.s  to  Eereiit. 

Riso,  Hisso  (hig.  862).  Like  tlie  last,  hut  with  deep 
uml)ilicu.s  reaching  to  the  apex.  Trias  to  Keceiit. 

Family  2.  Pyramidellidae.  Gray. 

Shell  turreted  to  doiujate-oval.  Aperture  oval,  an- 
tcriorhj  ronniled,  or  irith  faint  caned;  older  lip  sharp. 
Operculum  horny,  spiral.  Marine.  CamVirian  to  Recent. 

The  nucleus  consists  of  .several  whorls,  and  in 
Palaeozoic  and  Me.sozoic  forms  is  coiled  in  the  same 
as  the  remainder  of  the  .shell.  But  in  the 
ci'iie : Monte  younger  and  more  tyjjical  genera  it  is  heterostrojihic, 

Rotne”’  ‘distinctly  separated  from  the  rest  of  the  shell,  and  often 

stands  at  an  angle  tvith  the  adult  sj)ire.  It  is  ciueslion- 
ahle  whether  forms  older  than  the  Ceiiozoic  can  he  retained  in  this  familv ; Fi.scher 
places  most  of  them  in  a new  family,  entitled  Pseud omelaniidae. 

Macrochedus,  Phil.  {Mucrochilinu,  Bayle  ; Strohaeus,  de  Kon.),  (Fig.  863). 
oval,  without  umhilicus,  smooth  or  with  slightly  curved  growth- 
line.s.  Sj)ire  acuminate,  oidy  modei-ately  high  ; last  whorl 
large.  Aperture  angular  j)osteriorly,  sometimes 
witli  shallow  anterior  canal.  Inner  lip  with 
Weak  anterit)!'  I'olils.  Silurian  to  Tria.s. 

? Ptyrhostorna,  Laulie  ; ? Undnlaria,  Koken. 

T lia.-;. 

Lo.ronemu,  Phil.  Turreted,  whorls  arched, 
with  S-shaped  growth-lines.  Sutures  deep; 
a]>ertuie  higlier  than  wide,  witli  shallow  canal. 

Silurian  to  d’rias ; jiarticularly 
ahundant  in  the  (,'arhoniferou.s. 

/yyopleu  ra , Koken.  Like 
the  last,  hut  whorls  with  sharji, 
slightly  ciirwil  transvei-se  rihs, 
or  transveise  nodo.se  keel.  De- 
vonian to  Lower  ( 'retaceou.s. 

Houryetia,  Desh.  {Pithodca,  coUiKi'ie. 
de  Kon.).  ijarge,  elongate-oval 

to  turi-eted,  with  large,  inflated  body  whorl.  Surface 
marked  with  spiral  striae  or  furrow.s.  Carhoniferous 
and  l’])]ier  Jura. 

Psendomclnnia,  Pictet  {(Jhemnitzia,  ji.p.  d’Orh.), 
(f.injaiiiii)  hfrtrii.  (Fig.  864).  Turrcted,  with  numerous,  almost  flat 
Cain'  "(i’ro.ssS*;  "-liorls,  and  slightly  impressed  suture.s.  Surface 
(iriKiioii.  near  smooth.  Or  marked  hy  fine  groM’th-lines  ; aiierture 
rounded  anteriorly,  or  with  faint  canal.  Umhilicus 
wanting;  rarely  an  umhilic-al  fissure  jiie.sent.  Very  ahundant  in  the  Trias  and  Jura, 
less  so  in  Cretaceous  and  Eocene  ; ]irohahly  jire.sent  also  in  the  Carhoniferoits. 

Sub-gencra;  Oonin,  Microschizo , Gcnini.  ; H iipsipleu ra , Anoptychiu,  Koken.  Trias  and  Jura. 
Coelostijlino.  Eustyl ns.  SpirostylHs.  Kittl.  Trias.  Munier-Chahn.  Eocene.  (Fig.  865.) 


Kill.  S(j4. 

]'sr )» (J II  ill 
II  r (I  il  i n <i  to  lie  nsis, 
Sowl),  s]t.  ()x- 
fonlian  : Kraiic**. 

iLiiids  of  orikiinal 
coloration  still 
showing. 


Fig.  81)3. 

Miirrorhcihis  arcvli'(ui>t 
.Schloth.  sj».  Middle  De- 
vonian ; Fatt'rath,  near 


Fig. 
rsniilumcJiniiii 
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Whorls  Hat,  ■with  three 
Aperture  canaliculate  ; 


Fustnlaria,  Koken.  Turreted,  rvith  groove-like  sutures, 
or  more  sjriral  rows  of  nodes.  Trias. 

Gatosira,  Koken.  Whorls  Hat,  with  transverse  ridges, 
base  with  spiral  grooves.  Trias  and  Jura. 

fJiastojna,  Desh.  (Fig.  866).  Like  the  last, 
but  aperture  separated  from  the  body  whorl. 

Whorls  with  transverse  folds  and  spiral  striae. 

Cretaceous  and  Tertiary. 

Mathilda,  Semper  {Promathilda,  Andreae). 

Turreted  ; whorls  transversely  and  spirally 
striated  or  ribl)ed.  Aperture  with  canal. 

Nncleus  lieterostrophic.  Jura  to  Recent. 

Keilostoma,  Desh.  {Faryphostoma,  Bayan), 

(Fig.  867).  Turreted,  sjnrally  striated.  Outer 
lip  with  externally  thickened  margin.  Eocene. 

Turhonilla,  Risso  {Chemnitzia,  p.p.  d’Orb.), 

(Fig.  868).  Small,  turreted,  with  heterostroidiic 
nucleus.  Whorls  transversely  rilJjed  or  smooth. 

Inner  lijj  straight,  or  occasionally  with  folds. 

Tertiary  and  Recent. 

Odontostoma,  FHeming  (Fig.  869) ; Fyrami- 
della,  Lamarck  (Fig.  870).  Cretaceous  to  Recent. 

Syruola,  Adams;  Eulimella,  Fischer.  Tertiary  and  Recent. 

Trias  and  Jura. 

The  genera  Subulifes,  Conrad  (?  Fohjphemopsis,  Portlock),  from  the  Cambrian  to 
Carboniferous  ; Fusispira,  Hall,  Ordovician  ; and  Soleniscus,  Meek  and  Worthen,  Car- 


Fig.  8(K). 

Diastoma  rostellata, 
Lain.  sp.  Calcaive 
Grossier ; Damery, 
neat'  Epernay. 


Fig.  8(57. 

Kcilo.-itoma  tun'i- 
culn,  Brug.  sp. 
(Mdfin  la  marginoh', 
Lain.)  ; Calcaire 
Grossier;  Grignon, 
near  Paris. 


Falaeoniso,  Gemm. 


Fio.  SGS. 

Turhonilla  rufa, 
Phil.  Crag;  ^Sutton, 
England. 


Fig.  S60. 

Odontostoma  pli- 
cata,  Montf.  sp. 
Upper  Oligocene  ; 
Nieder-Kaufungen, 
near  Cassel. 


Fig.  870. 

Pyramiddla.  pli- 
COSO.,  Bronn.  Mio- 
cene ; Xiederleis, 
>[oravia. 


Fig.  871. 

Euckrysalis  fiisi- 
formis,  Miinst. 
sp.  Trias  ; St. 
Cassian,  Tyrol. 


boniferous,  are  characterised  liy  narrow,  anteriorly  elongated  and  canaliculate  aper- 
a|  tures.  They  probably  form  a separate  family,  in  which  also  shonld  be  placed  the 
"1  Triassic  Euchrysalis,  Laul)e  (Fig.  871). 


Superfamily  2.  PTENOGLOSSA.  Gray. 

Teeth  of  the  radida  suhuJate,  numerous,  and  similar  in  each  transverse  row. 


Family  1.  Scalariidae.  Broderip. 

Shell  turreted,  usually  narroivly  umlnlicate.  Whorls  convex,  transversely  ribbed  or 
striated.  Aperture  round,  with  entire  peristome.  Operculum  horny,  paucisinral. 
Marine.  Silurian  to  Recent. 

I Holopella,  M‘Coy  {Aclisina,  de  Kon.).  Slender,  turreted  ; whorls  with  fine  trans- 
I verse  striae,  sometimes  cancellated.  Silurian  to  Carboniferons. 
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Calloncma,  Hall  {laonema,  !Meek  and  Wortli).  Turreted,  oval  to  globose  ; whorls 
covered  with  lamellate  transverse  ribs ; aperture  circular.  Silurian  and  Devonian. 

Scohoxtorna,  Braun.  Devonian.  Chilocyclus,  Broun  {Cochlearia, 
Braun).  Trias. 

Scalaria,  Lam.  (Scala,  Klein  ; Cirsotrema,  Morch.),  (Fig.  872). 
Turreted ; whorls  strongly  arched,  with  transverse  ribs,  and  often 
also  s])irallj'  striated.  Aperture  round,  outer  lip  sometimes  thickened. 
Trias  to  Recent. 

Family  2.  Solariidae.  Chenu. 

Shell  (lejiressed  conical,  deeply  and  broadly  umhilicate,  without 
nacreous  layer.  U'horls  anyular ; operculum  horny  or  calcareous, 
spiral.  Embryonal  spire 
h eterostroph  ic.  Marin  e. 

Cretaceous  to  Recent. 

The  Solariidae  ex- 
Bacii-n.  near  Vienna.  liiPit  some  resemblance  to 
the  Euoinphalidae,  from 
which  they  are  di.stinguished  principally 
by  the  heterostrojihic  nucleus. 

Solarium,  Lam.  (Figs.  873,  874). 

Ai>erture  (piadrilateral ; o])erculum  horni- 
umbilical  angle  notched  or  sharjc  Jura 
to  Recent.  A number  of  l\Iesozoic  forms  confused  with  this  genus  probably  belong  to 
Euornphalus. 

'lorinra,  Cray.  Tertiary  and  Recent.  l>)frontia,Y)cs\\.  {Omalaris,T)uA\.).  Eocene. 


Kig.  S73. 

>olorium  aimple-x^ 
onii,  Miocene  ; 
tilerleis,  Moravia. 


Fig.  874. 

Solarium  heymerm^  Ryckholt. 
Tonrtia  (Upper  Cretaceous); 
Tournay,  lielpum. 


Fig.  872. 

Sralnria  lomellosfi, 
Brocciii.  Miocene  ; 


Superfamily  3.  TAENIOGLOSSA.  Bouvier. 

Teeth  of  the  radula.  .seven  in  each  transverse  rou\  Mainly  holostornate  forms,  hut 
some  (jenera  have  deeply  notched  apertures,  as  in  the  higher  divisions. 

Family  1.  Pui-purinidae.  Zittel. 

nnrk-shelled,  oval,  with  platform-like  spire,  and  without 
pearly  layer.  Jlliorls  flattened  beneath  the  suture  and 
angular,  the  angles  often  beset  with  nodes.  Body  whorl 
large;  aperture  oval,  with  anterior  emargination,  and 
discontinuous  jieristorne.  Operculum  unknown.  Ordo- 
vician to  Cretaceou.s. 

Scahtes,  Conrad.  Spire  sliort  and  acuminate  ; whorls 
flattened  su])eriorly  and  bounded  by  a .sharp  angle  at  the 
suture.  Body  whorl  very  large,  smooth  ; aperture  faintly 
notched.  Ordovician  (Chazy)  ; according  to  Laube,  also 
Triassic. 

Trachydornia,  iMeek  and  Worth  (Trachynerita,  Kittl) ; 
Pseudfjscahtes,  Kittl  ; Tretospira,  Koken.  Tria.s.  Brach- 
hamptoii  EnKhiiii*^''^*”  ’ O'cmu,  Morris  and  Lyc.  ; Tomocheilus,  Gemm.  .Jura. 

Purpurina,  d’Orb.  Elongate-oval.  Whorls  angular 
su])eriorly,  spirally  ribbed,  with  transvei’se  folds  or  costae,  highly  ornamented,  often 
with  umbilical  fissure.  Aperture  oval,  anteriorly  notched.  Rhaetic  and  .Jura. 

Purpuroidea,  Lycett  (Fig.  875).  Spire  with  successive  steps  or  platforms,  the 


Kir,.  ST.I. 

Vurpuroidca  nodulnin.,  Young  ami 
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flattened  surface  beneath  the  sntnre  hounded  by  a row  of  nodes.  Last  whorl  inflated, 
smooth.  Aperture  anteriorly  with  canal  - like  notch;  outer  lip  thin.  Jura  and 
Cretaceous. 

Brachytrema,  Morris  and  Lycett ; Tornocheilus,  Gemin.  Jura. 


Family  2.  Littorinidae.  Gray. 

Shell  turbinate,  usually  smooth  or  spirally  ornamented,  without  nacreous  layer. 
Aperture  rounded ; outer  lip  sharp.  Operculum  horny,  piaucispiral.  Marine.  Ordo- 

vician to  Eecent. 

Fossil  shells  of  this  family  are  distinguished  solely  from  those  of  the  Turiinidae 
and  Trochidae  by  the,  absence  of  a pearly  layer.  The  animal, 
however,  differs  radically.  The  heart  has  but  one  auricle  in 
the  Littorinidae,  two  in  the  Turbinidae  and  Trochidae.  The 
radula  in  the  last-named  groups  is  rhipidoglossate ; in  the 
present  family  it  is  taenioglossate.  The  ditfetences  in  essential 
structure  are  thus  seen  to  be  considerable  ; yet  the  shells  when 
fossilised  are  so  similar,  it  can  scarcely  be  doulh.ed  that  the 
so-called  Palaeozoic  Littorinidae  are  in  many  cases  very  closely 
related  to  genera  referred  to  the  Turbinidae  and  Trochidae. 

The  limits  of  these  families  are  therefore  very  uncertain,  so 
far  as  Palaeozoic  forms  are  concerned.  Among  the  extinct 
genera  which  exhibit  great  similarity  to  Littorina,  but  are 
often  assigned  to  the  above-named  families,  may  be  mentioned 
the  following  ; — Holopea,  Hall  ; Ordovician  to  Devonian. 

Turbonitella,  de  Koninck  (Fig.  876);  Devonian  and  Carboniferous.  Portlockia, 

Turbinilopsis,  and  Rliab- 
dopleura,  de  Koninck  ; 
from  the  Carboniferous. 
Lacunina,  Kittl ; Trias. 

Littorina,  Fer.  (Fig. 
877).  Thick -shelled, 
turbinate  to  globose, 
smooth  or  S2)irally 
striated,  without  um- 
bilicus. Ajierture  oval. 
Jura  to  Recent. 

Lacuna,  Turton 

(Fig.  878).  Like  the  last,  but  with  a narrow  umbilical  fissure.  Tertiary  and  Eecent, 

Lacunella,  Desh.  ; Eocene.  Litiopa,  Rang ; Planaxis,  Lam.  ; Quoyia,  Desh.  ; 
Tertiary  and  Recent.  The  families  Litopidae  and  Planaxidae  are  usually  recognised. 

The  genus  Fossarus,  Phil.  (Fig.  879),  forms,  according  to  Fischer,  a separate  family, 
Fossaridae.  It  occurs  in  the  late  Tertiary  and  Recent. 


Fig.  870. 

Tu  rho  n itella.  suhcostata , 

Goldf.  sp.  Middle  Devonian  ; 
Paftratli,  near  Cologne. 


FiCx.  877. 

Littorina  littorea, 
Linn.  sp.  Post- 
Pleistocene  ; Isle 
of  Skapto. 


Fig.  87S. 

Lacuna  Basfero- 
tina,  Broun. 
Miocene ; Steina- 
brunn,  near 
Vienna. 


Fig.  879. 

Fossarus  costatics,  Brocchi. 
cene  ; Limite,  Tuscany. 


Plio- 


Family  3.  Oyclostomidae.  Menke. 

Shell  extremely  variahle  in  form,  turbinate  to  discoidal,  sometimes  turreted,  covered 
with  epidermis.  Aperture  circular,  with  usually  entire  peristome.  Operculum  horny  or 
calcareous,  spiral.  Terrestrial.  Cretaceous  to  Recent. 

Like  the  jmlmonate  snails,  the  animal  possesses  a resjuratory  cavity.  But  in 
other  respects  they  approach  the  Littorinidae  very  closely,  which  latter  forms  also 
have  the  gill  much  reduced.  The  shell  habit  is  excessively  variable.  There  are  more 
' than  600  recent  sjiecies  distributed  throughout  all  jiarts  of  the  globe,  but  the  majority 
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of  these  are  tropical.  Fo.ssil  foriii.s  are  found  in  fre-sh-water  depo.sits  a.s  old  as  the 
Middle  Cretaceous. 

Ciiclostoma,  Lam.  IFig.  880>  Turhinate,  with  calcareous  sinral  operculum. 
Tertiary  ami  Recent. 

Otopoinu^  Tudom,  Gray.  Tertiary  and  Recent. 

Megalornosttoma,  Guild.  Turhinate  to  chrysalis-.shaped,  usually  smooth.  Peri- 


Kir,.  sso. 

Cifdostomo  hi- 
sjikotinn,  Zieten. 
Miocene ; Ermin- 
j:en,  near  Ulm, 
Wurteinber^G 


Fig.  S81. 

Ponififins  Inhdhnn, 
Thomas  sp.  Helix 
Heels  (Upper  Oli^o- 
cene) ; Hochlieim, 
near  Wiesba'len. 


Fig.  S82. 


Fig.  883. 


* Cydntvs  CJfirntus,  8anrlb. 
Upper  Eocene  ; Pugnello, 
Italy.  Shell  ami  operculum 
(after  Sundber^er). 


St roph  ostovui  a u om • 
pliota,  Capellini.  Oli- 
jjocene ; Arnegg,  near 
Ulm,  Wurteinberg. 


Oi)erculuni  horny. 


Cretaceous  to 
with  reflected 


Kli;.  .S.S4. 

Cftpyihts  hvnfjfn'ints,  Linn 
sp.  Pliocene  ; Tuscany. 


stome  with  thick  margin.s ; outer  lip  reflected. 

Recent.  M.  murnta,  Lam.  s]>. 

Pomatias,  Studer  (Fig.  881;.  Turreted,  tran.sversely  striated, 
margins  and  calcareous  operculum.  Tertiary  to  Recent ; jialaearctic. 

Leytoponm,  Pfeiff.  ; Ciiclophorus,  Montf.  ; Craspednjiovia, 
Pfeiff.  ; Cydotusi,  Guilding  (Fig.  882),  etc.  Upper  Cretaceous. 
These  genera  are  con.sidei'cd  to  form  a distinct  family,  Cydo- 
phoridae.  Strophofitoma,  Desh.  (Fig.  883)  ; Upper  Cretaceous 
to  Miocene. 

Family  4.  Capulidae.  Cuvier. 


Shell  cup-,  cap-duiped,  or  oval, 
irreyular,  with  spirally  twisted  apex; 
in  some  cases  the  shell  is  comptosed  of 
several  depressed  vdiorls.  Body  whorl 
very  laryc ; aperture  v:ide ; operculum 
(disent.  Marine.  Camhrian  to  Recent. 

Various  genera  helonging  here 
are  stationary,  remaining  throughout 
nearly  the  whole  of  their  existence 
attached  to  some  foreign  body,  to 
which  they  gradually  hecome  accom- 
modated in  form. 

Stenotheca,  Salter.  Shell  small, 
cap-shaped,  concentrically  striated  oi- 
furrowed,  with  .slightly  incurved 
apex,  which  latter  is  distantly  situated 
jiosteriorly.  Lower  Camlnlan. 

Capnlus,  Montf.  {Pileop)sis,  Lam. ; 
llrocchia,  Rronn),  (Figs.  884,  88.5).  Irregularly  conical  or  cap-.shai)ed  ; apex  greatly  dis- 
placed backward,  more  or  le.ss  spirally  inrolled.  Aperture  wide,  rounded  or  irregular; 
internally  with  a horseshoe-shaped  muscular  impre.ssion.  Exceedingly  abundant  from 
the  Cambiian  to  Carboniferous,  but  rather  sparse  from  the  Trias  onward. 

Orthonychia,  Hall  (lyocerus.  Hall),  (Fig.  886).  Shell  conical,  straight,  or  .slightly 
curved,  often  jdicated.  Apex  but  faintly  sjiiral.  Silurian  to  Carboniferoms. 


Flfj.  SS.’). 

Ctipuliis  rvfiosus,  Sowb. 
Groat  Oolite  ; I.angrune, 
UalvaMos.  I'l- 


Fig.  886. 

(frthonyrhUi  degrnts,  Barr. 
Silurian  (Etago  E)  ; Loclikow. 
Bohemia. 
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Platyceras,  Conrad  {Acrocidia,  Pliil.),  (Fig.  887).  Apex  bent  and  spirally  inrolled. 
Surface  smooth,  striated,  plicated,  or  covered  vitli  small  spines.  Cambrian  to  Trias. 
The  fusion  of  this  genus  with  Capulus,  as  ju'oposed  by  some  authors,  is  hardly 
justifiable. 

Platyostoma,  Conrad  {Strophostylus,  Hall),  (Fig.  888p  Shell  compo.sed  of  numerous 
rapidly  widening  whorls.  Spire  low,  body  whorl  very  large.  Inner  lip  reflected  and 
somewhat  thickened.  Aperture  round,  of  large  size.  Silurian  to  Carboniferous. 


Fig.  SS7. 

Platyceras  neritoides,  Phil.  Car- 
boniferous ; Vise,  Belgium. 


Fig.  SSS. 

PU I.  tyostoma  n ia  qa  re  nsi  s, 

Hall.  Devonian  ; Waldron, 
Indiana. 


Fig.  SSO. 

Horiostoma  Barrandei,  Mun.-Chaljii. 
Lower  Devonian;  Gahard,  llle-et- 
Vilaine  (after  Hunier-Chalnias). 


Horiostoma,  Munier-Chalm.  (Fig.  889).  Shell  thick,  spirally  ribbed,  Avith  short 
lateral  spire,  and  wide  umbilicus.  DeA’onian. 

Tiibina,  Barr.  Silurian.  Eothpletzia,  Simonelli.  Tertiary. 

Hipponyx,  Defr.  {Cochlolepas,  Klein),  (Fig.  890).  SJiell  thick,  obliquely  conical  to 
cuj)-shaped.  Beak  straight,  rarely  spiral,  greatly  removed  posteriorly.  Ajjerture  oval  or 
^ rounded,  internally  Avith  a horseslioe-shaped  muscular  impression.  The  foot 

often  secretes  a thick,  operculiform  calcareous  disc.  Cretaceous  to  Recent. 

Galerus,  Gray  {Cahjptraea,  p.p.  Lam.). 
Shell  thin,  conical,  Avith  central  spiral 


Fig.  S90. 

Hipponyx  cornucopiae,  Lam.  Cal- 
caire  Gros.sier  ; Liancourt,  near 
Paris.  ,4,  Shell.  B,  Foot-plate. 


Fig.  891. 

Crcpidida  unpui- 
formis,  Lam.  Plio- 
cene ; Tuscany. 


Fig.  892. 

Cidyptmeu  t rochifonnis,  Lam.  Calcaire  Grossier  ; 
Daineiy,  near  Epeinay. 


apex.  Whorls  flattened,  often  sjiinose.  Base  horizontal ; aiDerture  Avide,  depressed. 
Cretaceous  to  Recent. 

Crepidula,  Lam.  (Fig.  891).  Slipper-shaiied,  elongate-OA'al,  flat  or  arched.  Beak 
at  the  posterior  end,  almost  marginal,  someAvhat  curA’ed.  Ajierture  greatly  elongated, 
wide  ; inner  lip  formed  by  a thin  horizontal  lamella.  Cretaceous  to  Recent. 
Grucibulum,  Schum.  ; Calyptraea,  Lam.  (Fig.  892).  Tertiary  and  Recent. 


Family  5.  Naticidae.  Forbes. 

Shell  with  short  spire  and  large  body  ivhorl.  Aperture  semi-circular  to  oval,  angular 
posteriorly,  broadly  rounded  anteriorly.  Operculum  calcareous  or  horny,  paucispiral. 
Marine.  Trias  to  Recent. 

The  distinction  of  fossil  Naticidae  from  Naticopsis,  Nerita,  and  Ampullaria  is 


462 


MOLLUSCA 


SUB-KINGDOM  VI 


attended  witli  great  dilliculty,  since  tliey  t'rei^uently  possess  nearly  identical  cliaractei-s 
in  coiiinion,  (littering  mainly  in  the  0{)erculum,  which  is  not  preserved  fossil. 


Fig. 

Sif/nretxis  haUotoidi  its, 
Linn.  .sp.  Mipcuiie; 
Grand,  Ilunt^ary. 


.1 


Fiti.  blG. 

Xfitica  millepunctatc,  Lam.  Plio- 
cene; Monte  Mario,  near  Home. 
Operculum  of  N.  muUipunctata,  .S. 
Woodw.  Craj;;  Sutton. 


Fio.  8‘>.5. 

Xatiai  (AmpuUina)  patula, 
Lam.  Calcaire  Grossier ; 
Daniery,  ne^r  Epeniay 


Sigaretus,  Lam.  (Fig.  893).  Sliell  depres.sed,  auriform,  spirally  striated 


Sjiire  very  low,  with 
distended  ; operculum 
Natica,  Lam.  (Figs, 
pyramidal,  smooth  and 


I-'k;.  S'.Mi. 

Naticd  (Anwii)'’ 
0}is  is)  ir 1 1 ( cm  « ( ij 
Lam.  Calcaire 
Grossier;  Damery, 
near  Eiiernay. 


Fig.  S1>7. 

Xatirn  (.1 7iui n ropsis)  huh 
hiformis,  Sowl'.  Upper 
Cretaceous ; St.  Gllj^en 
on  Wolf^xangsee,  Austria. 


or  furrowed. 
raj)idly  widening  whorls.  Aperture  greatly 
horny.  Tertiary  and  Kecent. 

894-897).  Globose,  semi-glohose,  ovate  or 
lustrous,  rarely  spirally  striated,  unihilicate 
or  not.  The  umbilicus,  when  present,  often 
partially  or  entirely  tilled  with  callus. 
Ajierture  semi-circular  or  oval.  Outer  liji 
sharp;  inner  lip 

from  the  Trias  onward. 

Amauropsis,  Morch  (Figs, 
l-'ic  896,  897 j ; Amaura,  Moll.; 

,,  , ■ ' 11  ■ Lnnatia,  Cernina,  Gray; 

Drshayesui  corldcariu , ’ , ’ •>  ’ 

Broii}?t.'  sp.  Oligo(*ne;  ^evcrita,  liisao  ; Mamil, in, 
Montis  Griuni,  near  Schuni.,  etc. 

Vicenza. 


l)e.ihaijesia,  Haul. 


(Fig.  898).  Like  Xatiai,  hut  inner  lip  with  thick  callus  and  denticulated.  Miocene 
and  Pliocene. 


Family  6.  Xenophoridae.  Deshayc 


Shell  fit rliinutr,  withotit  nacruons  lager ; vhorh  Jlat,  often,  covered  ivitli,  agglutinufcil 
foreign  hodier.  Jlase  conical  or  flat,  with  a Kharp  peripheral  heel. 

Aperture,  ohliguelg  quadrilateral.  Ojierritlam  horny.  Silurian 
to  Ihtceut. 

The  Xenophoridae  are  an  ancient  family,  the  modern  re- 
]>reseiitatives  of  which  have  ac(piiivd  a high  ditt'erentiation. 

The  radula  is  like  that  (tt’  the  ('apnlidae,  Littorinidae,  and 
Strornhidae,  not  like  that  of  the  Trochidae.  The  earlier  forms, 
encountered  in  the  Silurian,  ju-esent  a great  superficial  re- 
semhlance  to  the  Palaeozoic  Trochus  species. 

A'of?'oc/(«.s,  tVhitf.  (Fig.  899).  Thin-shelled,  turbinate,  widely 
unihilicate.  M'horls  Hat,  rarely  with  agglutinated  foreign  jiarticles. 

Base  concave,  its  perijdiery  formed  by  a compressed  lamellar  belt.  Silurian  to  Recent. 


Fii:.  S99. 

Xenophora  hHloMUs,  d'Orb. 
per  -Lias  ; L; 
near  Lyon.s. 
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Oviphalopterus,  Roem.  Depressed  turbinate,  widely  uniljilicate.  The  ^^•ide  peri- 
pheral margin  at  the  base  composed  of  two  lamellae, 
separated  by  a slit.  Silurian. 

Clisospira,  Billings  ; Autodetus,  Lindstrom.  Silurian. 

Xenophora,  Fischer  {Phorus,  Montf.),  (Fig.  900).  Low 
trochiform,  narrowly  umhilicate.  Whorls  usually  covered 
above  with  agglutinated  extraneous  objects.  Cretaceous  to 
Recent. 

Family  7.  Ampullariidae.  Gray. 

This  family  inhabits  fresh  or  l.irackish  water,  and  is 
found  in  Africa,  Asia,  and  tropical  America.  Some  of  xenophm-a  opgiutinars,  i.am. 
their  shells  are  hardly  to  be  distinguished  from  Xatica.  drossier  Dume.y,  near 

The  animal  possesses  a lung  cavity  above  the  right  gill. 

Fossil  forms  occur  in  freshwater  deposits  of  Cretaceous  age  at  Rognac,  near  Marseilles, 
and  also  in  the  early  Tertiary. 


Family  8.  Valvatidae.  Gray. 

Shell  composed  of  few  whorls^  conical  or  discoidal,  umhilicate.  Aperture  round,  with, 
continuous  peristome.  Operculum  horny,  circular,  multispiral. 
Upper  Jura  to  Recent. 

The  genus  Valvata,  Miill.  (Fig.  901),  is  small,  and  varies 
from  turbinate  to  discoidal.  It  comprises  about  twenty-five 
recent  species,  inhabiting  the  fresh  waters  of  Eurojie  and  North 
America.  It  is  initiated  in  the  Purbeck,  but  does  not  become 
at  all  abundant  until  the  Tertiary. 

Family  9.  Viviparidae.  Gill. 

Shell  conical  or  turbinate,  with  thick  epidermis;  imperforate  or  with  narrow 
umbilicus.  JFhorls  smooth,  tubular  or  angular.  Aperture  rounded,  oval,  sub-angular 
, posteriorly,  with  continuous  p)^ristome.  Operculum  horny,  concentrically  striated,  with 
1 eccentric  nucleus.  Jura  to  Recent. 

Viviparus,  Montf.  {Faludina,  Lam.),  (Fig.  902).  This,  the  principal  genus,  is 
abundant  in  fresh  water  of  all  parts  of  the  globe,  with  the  exception  of  trojiical  and 
South  America.  Several 
other  genera  and  sub- 
genera are  recognised, 
such  as  Campeloma,  Raf. 

{Melantho,  auct.),  of 
North  America,  compris- 
ing mostly  smooth,  thick - 
shelled  species,  with 
thickened  inner  lip  ; 

Tulotoma,  Haldem.,  in- 
cluding forms  with  an- 
! gular  whorls.  North 
America;  Margarya, 

Nev.,  China  ; Lioplax, 

Brusina,  etc. 

Typical  species  of  this  genus  are  found  in  the  Wealden  clays.  Vast  numbers  of 
Viviparus  occur  in  the  Pliocene  of  Southern  Hungary,  Croatia,  Slavonia,  Roumania, 


A B c B 


Fig.  902. 


.1,  Vivipanis  Brusinae,  Neumayr.  C,  V.  (Tulotoma)  Forhesi,  Neumayr. 
Pliocene  ; Isle  of  Cos.  D,  r.  (Tulotoma)  Hocnitriy  Neumayr.  Pliocene  ; 
Novska,  Slavonia. 

Troschel  ; Laguncula,  Benson  ; Tylopoma,  Boskovicia, 


Fig.  901. 

Valvata  piscinalisy  Miill. 
Upper  Miocene ; Vargas, 
Transylvania. 
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and  the  Island  of  Cos,  where  tliey  are  remarkahle  for  their  extreme  variability. 
Neninayr  has  described  a number  of  mutation  series  from  this  horizon,  'which  begin 
with  smooth  Vicipnrus  species,  and  terminate  with  angular  T\d(>toma-\\\ni  forms. 


Family  10.  Amnicolidae.  Tryon. 


Hlidl  tnrliinate  to  turretcJ,  small,  usHalhj  thin,  and  cither  smooth,  loiajitudinally 
rihhcd,  or  spirally  heeled.  Aperture  ovate;  opercnln.m  horny  or  calcareous,  spiral  or 
concentric.  Cretaceous  to  Kecent. 


These  are  fresh  or  lirackish  water  inhabitants,  some  of  which,  however,  are  able  to 
survive  for  a considei'able  ])eriod  on  land.  It  is  ditticult  to  distinguish  the  different 
genera  belonging  to  this  family  by  means  of  shell  characters  alone. 
All  the  forms  are  diminutive. 

Bythinia,  Leach  (Fig.  !)03i.  Thin-shelled,  turbinate,  with 
( ^ umljilical  fissure.  Peristome  continuous,  outer  li])  sharj).  Oi>er- 
culum  calcareous,  concentiac.  IVealden  to  Pecent. 


I-'k;.  ii03. 

Ui/thinin  tentdculotn, 
Linn.  sj).  Uj^iier  Plio- 
cene ; Miocic,  Daliiuitia. 
//,  ()|ierculnm  of  same. 
C,  Ji.  (jrovilis,  Ji^andb. 
Kresli  - water  Molasse  ; 
( )berkircliber",  near  Ulm. 


Fio.  004. 

XnnnfKra  pujn’,  Xyst. 
s|).  Oligocene ; Hacken- 
beim,  near  Alzey, 


Fio.  900. 

Nystia  Chdsteliij 
Xyst.  SJ).  Middle 
Oligocene ; Klein- 
iSpouwen,  Belgium. 


Fio.  oOd. 


Ilydrohid  (lAtori-  i 

ncllo)  (tCHta,  A.  | 

Hrauu.  Miocene  ; | 

We is.se  11  an,  near 
Mayence. 


Staliola,  Ilrusina.  Outer  lip  thickened ; operculum  calcareotis.  Cretaceous  to 
Miocene. 

Fos.sarn.lus,  Neumayr.  Like  the  last,  but  with  spiral  rib.s.  U])i)er  ^Miocene.  ’ 

Xernatura,  Benson  (Stenothyra,  Ben.son),  (Fig.  904).  Like  Bythinia,  but  aperture  ) 
c(mtracted.  Operculum  calcareous,  sj>iral.  Tertiary  and  Kecent. 

Xystia,  Tourn.  (Forhesia,  Nyst.),  (Fig.  90,1).  Outer  lij)  reflected;  operculum  |i 
calcareous,  spiral.  'I'ertiary  and  Becent.  ; 

Assiminea,  Leach.  Tei'tiary  and  Becent. 

Hydrohia,  Ilartm.  (LBtor(ac(h(,  Braun  ; Joarnoaerdf,  Brusina),  (Fig.  906).  Conical  It 
to  turreted,  acuminate,  smooth.  Ai)erture  oval  ; 

Cretaceous  to  Becent.  The  Indusia  Limestone  (Lower 
Miocene)  of  Auvergne  is  almost  exclusively  composed 
of  the  shells  of  H.  J tuhuissoni,  Bouill.  Similarly,  the 
Littorinella  Limestone  of  the  Main  Basin  which  is  of 
e(puvalent  age,  is  made  u]>  of  the  .shells  of  H.  acuta, 

Braun.  Sti'ata  in  the  fre.sh-water  limestone  of  Niird- 
lingen  ai'e  charged  with  If.  trochulns,  Sandb.  ; and 
the  Uj)per  Eocene  marl  of  St.  Ouen  is  filled  with 
the  remains  of  H.  pnsilla,  Pn'v.  sp. 

Other  genera  and  sub-genera  closely  related  to 
tlie  foregoing  are  llythinella,  JIO([.  ; Arnnicola,  (fould  ; 
llclyrandiu,  Lartetia,  Bourguignat  ; Lapparentia, 

Beithelin. 

Pyryula,  Christofori  and  Jan.  (Fig.  907,  A). 

Turreted,  whorls  s])irally  keeled  or  ribbed.  Peristome  continuous.  , Tertiary  and 
l-lecent. 

Genera  allied  to  the  last  are  Micrornelania,  Brus.  (Fig.  907,  B) ; Mohrensternia, 
Stol.  (Fig.  907,  6');  Pynjidiam,  Tournouer  ; Prososthenia,  Xeumayi'.  Tertiary. 


operculum  horny,  j)aucispiral.  J 


A , I'l/rriiih'  A'H.venmc,  Neiiinayr.  Uliper 
-Miocene;  Arpatak,  Tran.sylvania.  Jl, 
Mirrnmd<inia  (lJiniw)  Hrnieri,  Netiniayr. 
.sp.  Upper  Miocene  ; Miocic,  Datinatia. 
C,  Mnl,  rensfernia  irijlatn,  Arulrzewsky. 
Congeritm  Stago  (Miocene);  Inzersdorf, 
near  Vienna. 
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Lithoglyphus,  Ziegl.  (Fig.  908).  Globose  or  ovate,  with  short  s]5ire  ; rather  thick 
and  solid.  Aperture  large,  oblicpiely  oval ; inner  lip  thickened. 
Tertiary  and  Recent ; Europe.  Similar  forms,  Somatogyrus,  Gill, 
and  Fluniincola,  Stimpson,  occur  in  North  America.  There  are 
other  related  genera  in  South-Eastern  Asia  and  South  America. 


Fig.  908. 


Lithoglyphus  fiiscus.  Family  11.  Rissoidae.  Troschel. 

Zieglei'.  Upper  Jlio- 

Slavonia!^^'*'°’  Shell  small,  thiclc,  turbinate  to  turreted,  usually  ribbed  or  spirally 

striated,  rarely  smooth.  Aperture  oval,  angular  posteriorly,  often  ivith 
anterior  canal.  Operculum 


horny,  paucispiral.  Jura  to 


B 


Recent. 

Kissoina,  d’Oii).  (Fig. 
909).  Turreted,  transversely 
ribbed,  rarely  smooth  ; outer 
lip  arcuate,  generally 
thickened  ; ajjerture  some- 
what notched  or  effuse  at 
the  base.  Dogger  to  Recent ; 
mainly  Tertiary. 

Rissoa,  Frem.  (Fig.  910p 
entire  below.  Jura  to  Recent. 


Fig.  009. 

.1,  Eissoina  amoena,  Zitt.  Titlion- 
iaii ; Strainberg,  Jlorai'ia.  B,  R. 
decussata.Montt.  Jlioceue;  Steina- 
bi'unii,  near  Vienna. 


Turreted,  transversely  ribbed 


Fig.  910. 

A,  Rissoa  turhinafa,  Lam.  sp. 
Oligocene  ; Weinlieim,  near 
Alzey.  B,  R.  (Alvariia)  Mon- 
tagui,  Payr.  I\Iiocene  ; Steina- 
brunn,  near  Vienna. 


or  cancellated,  aperture 


Family  12.  Turritellidae.  Gray. 

Shell  turreted,  ivith  high  acuminate  spire.  JJliorls  numerous,  usually  spirally  ribbed, 
or  striated.  Aperture  oval,  round  or  quadrangular,  sometimes  with  faint  anterior  canal. 

Outer  lip  thin,  peristome  discontinuous.  Operculum  horny, 
multispiral.  Marine.  Trias  to  Recent. 

Turritella,  Lam.  (Figs.  911,  912).  Spire  very  high; 
aperture  oval  or  rounded  quadrilateral ; outer  lij^  thin, 
excavated  behind,  and  slightly  produced  in  front.  Trias 
to  Recent ; maximum  in  Tertiary.  The  older  Mesozoic 

species  are  usually 
small. 

Sub-genera  ; Me- 
SrthVi.Gray  (Pig.  912). 
Like  the  last,  but 
aperture  with  shallow 
canal,  and  twisted 
inner  lip.  Tertiary 
to  Recent. 

Protorna,  Laird 
(Proto,  p.p.  Detr. ). 
Aperture  oval,  an- 
teriorly with  canal- 
like contraction, 
which  is  surrounded 


Fig.  on. 

A,  Turritella  turns.  Bast.  (T. 
lerebra,  Ziet.  non  Linn.).  Jlio- 
cene  Molasse  ; Ermingen,  near 
Ulm.  B,  T.  imbricataria,  Lam. 
Calcaire  Grossier  : Grignon,  near 
Paris. 


Fig.  012. 

Turritella  (.Mesalia) 
multisulcata,  Lam. 
Eocene;  Calcaire 
Grossier ; Grignon, 
near  Paris. 


Fig.  013. 


GMacoiun  e.xternally  by  a thick 

Goldf.  Middle  Cre-  -Vn  ,. 

taceous ; Dreistiitten,  Spelling.  lertiary 
near  Wiener-Neiist.  v>  j.  n 


and  Recent. 
cathcdralis,  Brgt. 


Glauconia,  Giebel  {Omphalia,  Zekeli  ; Cassiope,  Coq.),  (Fig.  913).  Thick -shelled, 
conical  to  turreted,  narrowdy  umbilicate.  Whorls  spirally  ribbed,  rarely  smooth. 
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Aperture  oval,  vitli  faint  canal ; outer  lip  with  anterior  and  median  emargination. 
Abundant  in  the  Cretaceous. 

Family  13.  Vermetidae.  Adams. 

Shell  tubular,  the  earlier  whorls  s^nral,  the  later  ones  irregularly  twisted,  free  or 
attached.  Aperture  round;  operculum  horny,  sometimes  wanting.  Carboniferous  to 
Eecent. 


Fio.  01.',. 

Petiilocmchiis  uitorlvs.  Lain 
Pliocene  : Montesjiertoli.  near 

Florence.  .Some  of  the  tulles  are 
fractured,  and  show  the  internal 
lamellae. 

Sub-genera  : ThylacofJes,  Guettard  (Fig.  914)  ; Petal ocoiuhus,  Lea  (Fig.  915).  Tertiarj’  and 
Recent. 

Silif/uaria,  Brug.  Tig.  916).  Shell  free,  coiled  in  a loose  spiral.  Aijerture  lateral, 
and  with  a slit  which  continues  as  a fine  cleft  or  row  of  pores  throughout  the  entire 
length  of  the  shell.  Cretaceoits  to  Eecent. 

Family  14.  Caecidae.  Adams. 

Shell  small,  discoidal  in  early  stages,  later  becoming  tubular.  The  decollated  nucleus 
replaced  by  a septum.  Operculum  round,  horny.  Tertiary  and  Eecent. 

Caecum,  Flem.  About  one  hundred  Eecent  and  twenty  Tertiary  species  are  known. 

Family  15.  Melaniidae.  Tamarck)  Gray. 

Shell  turreted  to  oval,  with  thick,  dark-coloured,  epidermis.  Apex  usually  truncated 
and.  corroded.  Aperture  oval,  sometimes  canaliculate.  Operculum  horny,  spiral.  Jura 
to  Eecent. 


Fk..  014. 

I ’<  mut  >is  ( Th  yUicodt.^)  o.  reiu’ ri us,  Li u 1 1 . 
Miocene;  Gruiid,  near  Vienna. 


Fig.  lUO. 

Silirjunria  striotff 
Desli.  CalcaireGrossier; 
Cliau.ssy,  near  Paris. 


.Some  fossil  Vermetidae  are  liable  to  be  mistaken  for  Serpulidae,  but  differ  from 
them  nevertheless  in  the  structure  of 
the  shell  and  spiral  nucleus.  The 
determination  of  the  few  Balaeozoic 
and  Mesozoic  forms  is  uncertaim 

J'errnetus,  Adans.  'Tigs.  914,  915\ 

Shell  usually  attached,  irregularly 
tubular,  internally  vitreous,  and  often 
with  septa.  Carboniferous  (?)  to  Eecent. 

Abundant  in  the  Tertiary. 
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Living  species  inhabit  fresh,  or  more  rarely  brackish,  craters  of  Southern  Europe 
and  the  warmer  zones  of  Africa,  Asia,  and  America. 

Melania,  Lam.  (Fig.  917).  Shell  smooth  or  spirally  striated,  or 
with  transverse  ribs  or  nodes.  Aperture  oval,  anteriorly  rounded. 

Upper  Jura  to  Eecent. 

Stomatopsis,  Stache.  Whorls  platform-like,  with  strong  trans- 
verse ribs  ; aperture  rounded,  with  entire,  thickened,  and  reflected 
margins.  Lowermost  Eocene  (Cosina  Beds) ; Istria  and  Dalmatia. 

Pyrgulifera,  Meek  {Hautkenia,  Munier  - Chaim.),  (Fig.  918). 

Shell  thick,  elongate  - oval,  with  platform  - like,  transversely 
ribbed,  and  spirally  striated  whorls.  Ajierture  oval,  sometimes 
with  very  faint  canal.  Upper  Cretaceous  of  Europe  and  Xorth 
America. 

Paramelania,  Smith.  Eesembles  the  preceding.  Living  in 
Lake  Tanganyika. 

Fascinella,  Stache  ; Coptostylus,  Sandb.  ; Faunas,  Month  ; Hemi- 
sinus,  Swainson.  Upper  Cretaceous,  Eocene,  and  Eecent. 

Melanopsis,  Per.  (Figs.  919-921).  Shell  oval  to  turreted,  smooth 
or  ornamented.  Base  of  columella  truncated  ; aperture  with  short  : 

Alicli6isD6r<^,  near 

canal ; inner  lip  callous.  Upi^er  Cretaceous  to  Eecent.  Eemarkably  uim. 
abundant  in  Miocene  and  Pliocene. 

Pleurocera,  Eaf.  (Fig.  922).  Like  Melania,  but  aperture  with  faint  canal,  and 
outer  lip  sinuous.  Cretaceous  to  Eecent ; occurs  only  in  North  America. 


P’lG.  917. 

Melania  EscherL 


Fig.  91S. 
Pyrgnl  if  era  Pich- 
Itri,  Hoenies  sp. 
Upper  Creta- 
ceous; Ajka, 
Hungary. 


Fio.  919. 

Melanopsis  gallo-pro- 
rincialis,  Math.  Upper- 
most Cretaceous ; Mar- 
tigues,  near  ]\Iarseilles. 


Fig.  9-20. 

Melayiopsis  Mar- 
tinianayFer.  Mio- 
cene ; Nussdorf. 
near  Vienna. 


Fig.  921. 

Melanopsis  (Can- 
thidomus)  acanthica, 
Xeiimayr.  Upper 
Miocene  ; Miocic, 
Dalmatia. 


Fig.  922. 

Pleu  rocera  stromhi  - 
forinis,  Schloth.  sp. 
Wealden  ; Ostei- 
wald.  Hannover. 


Goniobasis,  Lea  ; Anculosa,  Say  (Leptoxis,  Eaf.) ; Ptychosfylus,  Sandb.  Wealden. 
The  first  two  occur  Tertiary  and  Eecent  in  North  America  only. 


Family  16.  Nerineidae.  Zittel. 

Shell  turreted,  pyramidal,  or  ovate,  perforate  or  imperforate.  Aperture  anteriorly 
with  short  canal  or  shallow  notch.  Columella  and.  lips  with  strong  folds,  continuous 
throughout  the  entire  length  of  the  spire.  Outer  Up  thin,  posteriorly  ivith  fissure-like 
incision,  which  leaves  a small  slit-band  immediately  beneath  the  suture  on  all  the  whorls. 
Marine.  Trias  to  Cretaceous. 

Aptyxiella,  Fisch.  {Aptyxis,  Zittel  non  Troschel).  Turreted,  very  slender,  im- 
perforate. Aperture  quadrangular ; inner  and  outer  lips  without  folds  ; columella 
somewhat  thickened.  Trias  to  Tapper  Jura. 
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Trochalia,  Sharpe  {Cniptoplocus,  Piet,  and  Camp.),  (Fig.  923).  Turreted  to 


Trochalia  con.^ohri na,  Zilt.  .1,  Ktriiaa  Drfmncciy  d'Orb.  (Joral-lJa*' ; Cgulan;;es  sur  Yonne.  Ji.,  K. 

Titlioiiian:  S t r a m b c r (Uhifuta^  d’orb.  (.’oral-Ua^  ; Oyoiinax,  Ain.  C'-A’,  X.  Iloheneggcri,  IN'ters. 

Moravia.  Longitudinal  section.  Tillioidan  ; Strainberg,  Moravia.  -/a-  Vi-  L',  l^ongitudinal  section. 


])yfainidal,  usually  smooth  and  imporlbrate.  The  inner  lij)  only  ha,s  a strong,  simple 
fold,  .fura  and  Cretaceous. 

Xi'ri)U’lla,  Sharjie  (J‘seiidoiimiiea,  Loriol).  Tunvted,  im2)erfoi’ate.  Outer  lij)  and 
sometime.^  also  the  columella  ivitli  a siui2)le  fold.  Jura. 

Ncrinm,  Del'r.  (Fig.  924).  'I’urreted  or  ])yramidal,  usually 
im2>erfoi’ate.  Columella  invai'iahly,  and  innei'  and  outer  li]»s 
generally,  with  simjile  fold.^.  Jura  and  Cretaceous;  maximum  in 
the  Coral  Pag  (U]>per  Jui-a). 

I‘t>j(iiiiiih's,  Sharpe  fFig.  i)2.5).  Jjike  the  last,  exce])t  that  the  • 
folds  on  hoth  lips  and  the  columella  are 
comj)licated  )>y  secondary  constrictions  and 
lirauching.s.  Jura  and  Cretaceou.s. 

Itieria,  Math.  (Fig.  926).  Elongate-oval, 
usually  umhilicate.  S])ire  short,  .sometimes 
insunkeu.  Body  whorl  very  large,  more  or 
le.ss  envelojiing  the  ])receding.  Columella 
and  hoth  lijis  with  fokhs.  Jura  and  Cre- 
taceous. 


rtjigim'tis  p.'icn(li)- 
hrviitnitono,  (toiii- 
inellaro.  'I’itlionian ; 
Inwald,  (.'arpatliia. 
Vertical  section. 


I'lc. 

Iflrria  Staszgrii,  Zouscbner. 
'IMthonian  ; I n wald  and 
Straniberg. 


Family  17.  Cerithiidae.  Menke. 


Shell  f arreted  ; ajierture  elonpated,  oval, 
or  quadrilateral,  anteriorly  with  sdiort  canal. 
Oa.tcr  lip  often  thichened  and  reflected,  or  thin  and,  sharp.  Columella  sometimes  with  one 
or  two  folds.  Operculum  horny,  spiral.  Marine  and,  hracldsh  water.  Trias  to  Pecent. 

More  than  1000  living,  and  about  500  fossil  sj)ecies  are  known,  the  latter  being 
most  numerous  in  the  Eocene.  The  earliest  forms  are  usually  of  small  size,  and  have 
a nearly  entire  i)eristome. 
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Cerithinella,  Genini.  (Fig.  927).  Shell  turreted,  slender.  Whorls  mmierous,  Hat, 
ornamented  with  spiral  ribs  or  rows  of  small  nodes. 

Apertiue  quadrilateral,  with  very  faint  canal.  J ura. 

Gryptaulax,  Tate  {Pseiidocerithium,  Cossinann). 

Small,  turreted.  Whorls  with  spiral  ribs  or  rows 
of-  nodes  and  transverse  folds.  These  last  usually 
.run  continuously  in  a somewhat  oblique  direction 
from  one  whorl  to  the  next.  Aperture  oval  or 
quadrilateral,  with  scarcely  percep- 
tible canal.  Trias  and  Jura. 

Ceritella,  ]\Iorris  and  Lyc.  (Fig. 

928) ; Trias  and  Jura. 

Piette  (Fig.  929)  ; Trias 


Fig.  930. 


Fibula. 
to  Cretaceous. 
IHtretns 


Fig.  92V. 

Cerithinella  armata, 
Goldf.  Torulosus 
Beds  (Middle  Jura) ; 
Pretzfeld,  Franconia. 


Ceritella  eonica., 
]\rorris  and  Lyc. 
Great  Oolite  ; Min- 
cliiuliainpton,  Eng- 
land. 


Huddlest.  ; 


Fibula,  undulosa, 
Piette'.  Bathon- 
ian  ; E parcy, 
Aisne. 


Exelissa  strangu- 
lata,  d’Arch.  sp. 
B a t li  o n i a n ; 
Eparcy,  Aisne. 


Bittiuni  xMcatum 
Brug.  Oligpcene  ; 
Ornioy,  near  Etampes, 
France. 


Pseuclalaria, 

Piette  ; Jura. 

Exelissa,  Piette  (Fig.  930).  Very 
small,  turreted  ; whorls  with  strong, 
continuous  transverse  rilis  and  spiral 
striae.  Aperture  contracted, 
rounded,  without  canal,  sometimes 
slightly  separated  oh,  and  with 
continuous  peristome.  Abundant 
in  the  Jura. 

Bittium,  Leach  (Fig.  931).  Tur- 


reted, with  granulated  spiral  rilis,  and 
numerous  transverse  costae.  Aperture 
with  short,  straiglit  canal ; outer  lip  sharp.  Jura  to  Eecent.  Abundant  in  the  Tertiai'v. 
Triforis,  Desliayes  ; Cerithiopsis,  Forbes.  Tertiary  and  Eecent. 

Eustoma,  Piette.  Aperture  with  long  canal,  which  is  often 
closed,  however,  by  margins  of  the  inner  and  outer  lip.  Inner  lip 

callous  and  strongly 
dilated  ; outer  lip  ex- 
panded. J ura. 


Fig.  932. 

Cerithiuin  serrotum, 
Brug.  CalcaireGrossier; 
Dainery,  near  Epernay. 


Fig.  033. 

Cerithi iim  (Vertagm^) 
nudum,  hsLiu.  Eocene; 
Chaumoiit,  near  Paris. 


Fig.  034. 

Fotamides  {Tympano- 
toimis)  margari  taceum , 
Brocchi.  Oligocene; 
Hackeiilieim,  near  Alzey. 


Fig.  933. 

Fotamides  {La  mpa  nia) 
pleurotomoides,  Desh. 
Middle  Meeressand ; 
Mortefontaine,  Seiue- 
et-Oise. 


Cerithium,  Brug.  (Figs.  932,  933).  Turreted,  imperforate,  without  epidermis. 
Aperture  oblong,  ovate,  with  backwardly  curv'ed  canal ; outer  lip  often  somewhat  re- 
flected. Columella  concave,  frequently  with  one  or  two  folds.  Certain  Tertiai'y  species 
attain  a length  of  half  a meter  {G.  yiganteum).  Jura  to  Eecent ; maximum  in  Eocene. 
Sub-genera  : Vicarya,  d’Arch.  ; Vertagus,  Klein  (Fig.  933)  ; Bellardia,  Mayer,  etc. 
Potamides,  Brongt.  (Figs.  934,  935).  Turreted,  with  epidermis ; ajrerture  with 
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eiiiargiiiatioii  or  faint  canal.  Inliabits  only  brackish  water  or  estuaries.  Cretaceous 
to  Eecent. 

Sub-genera:  Tjjmpanotomus,  Adams  (Fig.  934) ; Pi/razus,  Telescopiii/it,  Montf. ; Cerithidca, 
Swains. ; Lumpania  (Fig.  935)  ; Pyrendla,  Gray  ; Sandbergia,  Bos:]. 


Family  18.  Aporrhaidae.  Pliilii)j)i. 


Shell  fusiform,  turreted,  or  conical  ovate.  Aperture  p>roduced  anteriorly  in  a canal. 
Outer  lip  e.rpanded  in  a iviny-like  or  digitiform  fashion,  or  thickened.  Operculum  Iwrny. 
Marine.  Jura  to  Recent ; maximum  in  Jura  and  Cretaceous. 


Alaria,  Mor  ris  and  Lyc.  (Figs.  93G-938).  Shell 
with  long  or  short  canal.  Outer 
lip  not  overriding  the  la.st  M'horl, 
digitated  or  winged.  S])irc  and 


Kic.  n;iT. 

Aloria  annata,  ^lorris 
and  Lyc.  (ireat  Oolite  ; 
Mincliinhaiiipton,  Kn;;* 
land. 


[•'Ui.  938. 

Alaria  (Ayiclnmi)  cari- 
nnUiy  Mant.  (lault ; 
Folkestone,  England. 


I’k;.  93i). 


Alaria  my  urns,  Deslongcli. 
Lower  Oolite  ; Hayeux, 
Calvados. 


turreted  ; aperture 


I'Ki.  ys'j. 

Spiniyera  semicarU 
nata,  Goldf.  sp.  Callo- 
vian ; Montreuil-Lellay, 
Maine-et-Loire.  ■ . 


body  whorl  often  retaining  ti’aces  of  a])ertui’es  at  earlier  stages.  Very  abundant  in 


•Jura  and  Cretaceou.s. 

Sub -genera;  IHcroIoma,  Gabb  ; Anchara,  Conrad 
(Fig.  938).  Jura  and  Cretaceous.  Piemptrrus,  I’iette. 
•lura. 

Spinigera,  d’Orb.  (Fig.  939).  Whorls  keeled 
and  ornamented  with  two  opposite  rows  of  spines. 
.1  lira. 

Aporrhais,  da  Costa  {Chenopus,  Phil.),  (Fig.s. 
!t40-942).  Like  Alaria,  but  margins  of  aperture 
elongated  ])Osterioily  in  a canal,  which  remains 


Fui.  ;ui. 

Apo  r rh  a is  ( Di  mo  /*• 
phoso ma)  calca  ra ta, 
S o w b.  U ])  j)  c r 
Aporrhais  tridartybis,  A.  Ur^uu.  Oligo-  Grcen.sand  ; Black* 
cene  ; Ilackenheiin,  near  Greuznacli.  down,  England. 


Fkl  942. 

Aporrhais  {Lispodesthes)  Reussi,  Geinitz  var. 
megaloptcro,  Reuss.  Planer ; Po.stelberg, 
Bohemia. 


either  attached  to  the  spire,  or  extends  free  from  the  .same.  Outer  lip  exj)anded, 
digitated,  or  lobed.  Jura  to  Recent. 
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Sub-genera:  Alipes,  Conrad;  Arrhoges,  Tcssarolax,  Hclicaulax,  Gabb  ; Ca'utosiphon,  Gill; 
Cuphoselenus,  Malaptera,  Piette  ; Pteroccrella,  Meek;  Limorphosoma,  St.  Gardner  (Fig.  911); 
Lispodesthes,  IVliite  (Fig.  942).  Jura  and  Cretaceous. 


Family  19.  Strombidae.  d’Orbigny. 


Shell  conical,  turreted,  or  fusiform,  with  acuminate  spire.  Aperture  canaliculate ; 

outer  lip  often  expanded,  anteriorly  with  an  emargination. 


Operculum  horny. 


Fig.  9i3. 

Ilarpa/jodes  oceani,  Brongt. 
Kimmericlgian ; Lindner  Berg, 
near  Hannover. 


Jura  to  Recent. 


Fig.  044. 

Strombus  l•rassilahrum,  Zitt.  Gosau- 
Cretaceous  ; St.  Gilgen,  Austria. 

Although  the  shells  of 
this  family  are  excessively 
^■ariable,  the  animals  them- 
selves exhibit  great  uni- 
formity of  structure. 

Harpagodes,  Gill  (Fig. 
943).  Spire  short,  body 


Avhorl  very  large.  Canal  long,  reflected.  Outer  margin  produced 
in  a number  of  tubular  sjAinous  processes,  the  posteriormost  of  Avhich 
rests  against  the  spire  and  extends  nearly  to  the  apex.  Jura  and 
Cretaceous. 

Pterocera,  Lam.  (Heptadactylus,  Klein).  Spire  short ; canal  bent 
sideways.  Outer  margin  Aving-like,  Avith  tubular  spinous  processes, 
beneath  the  most  anterior  of  Avhich  is  a deep  notch.  Recent. 

Pterodonta,  d’Orb. ; Thersitea,  Cocp ; Pereiraea,  Crosse.  Miocene. 

Strombus,  Linn.  (Oncoma,  Mayer),  (Fig.  944).  Shell  OA'oid, 
tuberculose  or  spinose,  solid  ; spire  Avith  seA’eral  Avhorls ; body 
Avhorl  very  large.  Aiierture  elongate,  obliquely  truncated  and 
channelled  anteriorly,  canaliculate  posteriorly.  Outer  margin 
dilated  in  Aving-like  fashion,  usually  thick,  often  produced  behind, 
sinuate  and  sometimes  channelled  in  front.  Columellar  border 
simple,  enamelled.  Cretaceous  to  Recent. 

Pugnellus,  CoTLTSid  ; Cretaceous.  Struthiolaria,  Lam.;  Tertiary 
and  Recent. 

Seraphs,  Month  (Terehellum,  Lam.),  (Fig.  945).  Shell  elongate, 
sub-cylindrical ; spire  short,  summit  obtuse.  Body  Avhorl  A'ery 
large,  smooth  or  striated.  Aperture  longitudinal,  narroAV  jiosteriorly,  and  slightly 


Fig.  045. 

Serajihs  sopititm, 
Brander  sp.  Calcaire 
Grossier ; Grignon. 
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(lilatud  anterior! V 


canal  short.  Outer  margin  thin,  .simple,  ohlicpiely  truncated 
anteriorly,  sometimes  ])rolonged  in 
the  spire  posteriorly  hy  a callosity. 

Columellar  border  smooth,  straight. 

Tertiary  and  llecent. 

Bostellana,  Lam.  Spire  high, 
whorls  smooth.  Aperture  produced 
anteriorly  in  a heak-like  canal,  and 
continued  posteriorly  as  a narrow 
channel  resting  on  the 
spire.  Outer  margin 
with  denticulate  jiro- 
ces.se.s,  notched  anteriorly. 

Late  Tertiary  and 
Recent. 


Fio.  047. 

A,  lUmeJIa  Ji!i.<ntrcUn,  I^un. 
Calcaire  Grossier;  Damery, 
near  Epeniay.  Ji,  H.  liarton- 


Uippochrencn,  IMontt.  sowb.  sp.  t?alcaire 

rn  n 1 nil  (iiossier;  GriKUioii. 

(Ortlia ulax,  Cydoluriuips, 

Oahl)),  (Fig.  Like  the  last,  hut  outer 

margin  exjiandecl  in  wing -like  flushion,  and 
destitute  of  j)rocesses.  L’ppei'  Cretaceous  and 
Eocene. 

liimella,  Agassi/  {Inoplcura,  Meek),  (Fig.  !)4T). 
Surface  cancellated.  Outer  lip  with  thickened 
margin,  entire  or  crenulated.  Copper  Cretaceous 
to  Recent. 

Family  20.  Columbellariidae.  Fischer. 

i4hdl  tlndc,  don(jate(l  oval,  with  short  conical 
spire,  and  larrie,  spii-alhj  rihhed,  frequentlij  can- 
cdlated  hodif  whorl.  Apert\ire  narrow,  anteriorbf 

vostcriorhj  wUh  « mnal 
directed  ohhfpidji  onticards.  Inner  lip  callous, 
outer  lip  often  tlnchencd , denticulated , or  somewhat  reflected  outirardhj.  .Jura  and 
Cretaceou.s. 


Suiface  covered  with  numerous  spiral  rihs,  some- 


Colunihdlaria,  Rolh'  (Fig.  948). 
times  cancellated.  Aper- 
ture long  and  narrow, 
hroadening  somewhat 
anteriorly.  Outer  lip 
dent  icu lated int ernal  ly, 
not  thickened,  somewhat 
rellected.  Anterior  and  pos- 
terior canals  short.  Upper 
•Tui'a. 

Zittdia,  Oemm.  (Fig. 

949).  Like  the  last, hut  aper- 
ture very  narrow  or  cleft-like.  Outer  lij)  much  thickened  in  the  middle.  Tithonian. 

Colurnhellina,  dTJrh. ; Cretaceous.  1‘etcrsia,  Gemm.  (Fig.  9.50,i ; Tithonian. 


Fin.  (US. 

CohnnheUario  coroU 
linn,  Quenst.  sp. 
Coral-Ra;r  ; Xattlifiin. 


Z i ltd  ia  rmssissirnff, 
Zitt.  sp.  Titlioiiian  ; 
8t^alnbf*r^^ 


Fif}.  050. 


Petersio  costotn, 
Gomni.  Tithonian ; 
Palermo. 


Family  21.  Cypraeidae.  Gray. 

Shell  ovate,  convolute.  Spire  short,  nearli/  or  conipldebj  covered,  in  the  adult  by  the  | 
very  larye  body  whorl.  Aperture  of  equal  lenyth  with  the  shell,  narrow,  anteriorly  and 
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posteriorly  2}'i'oducecl  in  a usually  short  canal.  Outer  lip  inflected.  Operculum  icanting. 
Upper  Jura  to  Eecent. 

Recent  Cypraeidae,  of  which  about  210  species  are  known,  inhaliit  principally  the 
warmer  seas.  They  are  often  remarkable  for  their  beautiful  coloration,  and  sometimes 
attain  considerable  size.  Jurassic  species  are  sparse;  Tertiary  ones  rather  more  abundant. 

Cypraea,  Linn.  (Fig.  951). 

Ovoid,  ventricose,  enamelled, 
smooth,  lirate,  or  tuberculate  ; 
spire  exposed  or  enveloped. 

Aperture  narrow,  extending  the 
whole  length  of  the  shell,  and 
canaliculate  at  each  extremity. 

Inner  lip  and  the  inrolled  outer 
lip  generally  crenulate.  Jura 
(G.  titonica,  Stefani)  to  Recent. 

Trivia,  Gray  (Fig.  952). 

Like  the  preceding,  but  smaller, 
and  sculptured  with  raised 
transverse  riblets.  Anterior  channel  not  prolonged,  wide  and  slightly  reverted. 
Tertiary  and  Recent. 

Erato,  Risso  (Fig.  953).  Small,  ovoid  or  pyriform,  with  short  conical  spire. 
Aperture  narrow.  Inner  lip  smooth,  except  for  anterior  columellar  lolds  ; outer  lip 
denticulate.  Canal  notch-like,  broad.  Cretaceous  to  Recent. 


Fig.  951. 

Cfi-praea  suhexcisa, 
A.  Brami.  Oligo- 
ceiie  ; Weiiiheini, 
near  Alzey. 


Fig.  952. 

Trivia  offinis,  Duj. 
sp.  Miocene  ; Pont- 
levoy,  Touraine. 


Fig.  953. 

Erato  laevis,  Don. 
i\Iiocene;  Niederleis, 
Austria. 


Family  22.  Ovulidae. 

Like  the  Cypraeidae,  except  that  the  spire  is  convolute  instead,  of  produced  and 

covered,  and.  the  marginal  teeth 
of  the  radula  are  p)^culiarly 
modified.  Tertiary  and  Recent. 

Ovula,  Brug.  Shell  ovate 
or  fusiform,  the  spire  completely 
enveloped.  Aperture  produced 
anteriorly  and  posteriorly  as  a 
canal.  Inner  lip  .smooth  ; the 
outer  inilected,  smooth,  or  den- 
ticulated. Tertiary  and  Recent. 

Gisortia,  Jousseaume  (Fig. 
954).  Large,  thick  - shelled, 
ovate,  with  short  convolute 
spire.  Surface  typically  keeled 

Gisortia  tuberculosa,  Duclos.  Lower  Eocene ; Cuise-la-Motlie.  ^r  coarsely  tuberculate.  Body 

whorl  with  a blunt  ridge ; aper- 
ture anteriorly  and  posteriorly  with  a short  canal.  Eocene.  G.  [Strombus)  gigantea, 
Goldf  sp. 

Pedicularia,  Swainson.  Miocene  to  Recent. 


Family  23.  Cassididae.  Adams. 

Shell  thick,  inflated,  globularly  ovate,  sometimes  varicose;  satire  short,  body  whorl 
very  large.  Apt erture  narrow,  elongate,  anteriorly  with  short  canal.  Inner  Up  resting  on 
an  extensive  callus,  sometimes  granulated  or  ivrinkled.  Outer  lip  more  or  less  thickened. 
Operculum  horny,  ivith  marginal  nucleus.  Marine.  Upper  Cretaceous  to  Recent. 
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Cussidculu,  Lain.  (J\Iorio,  Monti.;  Guleodea,  Link.),  (Fig.  955).  Sliell  ventricose, 
not  varicose.  Canal  long,  twisted,  reverted,  or  bent  .sidewise.  Inner  lip  greatly 

expanded,  outer  lip 
retlected,  often 
crenulate.  Colii- 
niellar  border 
plicate.  Upper 
*l'^®taceous  to 
I liiii'w/  Fccent ; inaximuin 

s u 1>  - g c n u s : 
/S'coasiVi,  Gray  (Fig. 
9.56).  Last  whorl 
with  varix  ; canal 
short  and  straight. 
LI])per  Cretai'cous  to 
Recent. 


I'lc;.  il.j.). 

( 'nssirlnria  carinola, 
I.am.  CaltMire  Gro.s- 
sier ; Gii^noii. 


Fio.  li.jij. 

Crisxi  (In  rill  (.S’ro  iisin) 
nmhirjun,  Solander  .sji. 
Oli^'oeene  ; l.attorf, 
near  lieriibur^. 


Fif;.  n.ST. 

Cassis  snhuron,  Lam.  Mio- 
cene ; Gaiiifalini,  near  Vienna. 


Cassis,  Lam. 

(Fig.  957).  Shell  ovoid,  ventricose,  having  irregular  varices.  Spire  short,  aperture 

in  the  interior.  Inner 


elongate.  Outer  lip  thickened,  retlected,  usually  denticulate 


> j c — 

li])  callous,  exjjanded,  denticulate,  wrinkled,  or  granulate, 
{.'anal  very  short,  broad,  sharply  recurved,  directed  upward 
])osteriorly.  Tertiary  aud  Recent. 


laniily  24.  Doliidae.  Adams. 


Shell  thin,  inflated.  Spire  very  short,  hody  ' 
lonyitiulinally  ribbed  or  cancellated.  Apert, 
eitnal  straiyht  or  curved.  Opierculuni  absent. 
Recent. 

.holiurn,  Lam.  S])irally  ribbed.  Outer 
ternally  ; canal  .short,  obliipiely  directed. 
Recent. 

1‘yrula,  Lam.  (Ficula,  Swainson),  (Fig. 
ribbed,  grooved,  or  cancellated.  Aperture  vc 


I'horl  very  larye, 

:re  wide,  oval; 

Cretaceous  to 

lij)  notched  in- 
Cretaceous  to 

958).  S])irallv 

' t y Hi,  j»c>o. 

wide,  outei  I'lirulii  reticulata,  ^Jim.syi. 
lij>  sharj) ; canal  Miocene;  Grunrt,  near 
1 , 1 Vienn.a. 

long,  broad, 

straiglit.  Lower  Cretaceous  to  Recent ; 
maximum  in  Tertiary. 


Family  25.  Tritonidae.  Adams. 


Fio.  9!j0. 

T riton  i u in  (S i m pul u m ) 
Jl  a u (I  ric  u m,  d e K o n . 
< >li^'ocM-ne  ; Wcinlieim, 
near  Alzev, 


Fin. 

Jinnellft  marfjifiatti,  JJrocohi, 
Miocene;  Gruntl,  near  Vienna. 


and  inner  lip  callous  or  granulated.  Outer 
Cretaceous  to  Recent ; abundant  in  the  Tertiary. 


Shell  thiclc,  ovate  to  fusiform,  ivith 
epidermis.  Spire  moderately  high,  whorls 
varicose.  Aperture  with  thickened  outer 
lip,  and  open,  straight,  or  slightly  bent 
canal.  Operculum  horny,  with  marginal 
nucleus.  Cretaceous  to  Recent. 

Tritonium,  Link.  {Triton,  Lotorium, 
Month),  (Fig.  959).  Spire  elongated. 
Tlie  varices  do  not  run  continuously 
over  more  than  a few'  wliorls.  Columella 
lip  thickened  internally  and  notched. 
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Distortrix,  Link.  {Persona,  Montf.).  Tertiary  and  Eecent. 

Ranella,  Lam.  (Fig.  960).  Like  Tritonium,  but  Avitli  two  opposite  varices,  wliicli 
are  continuous  over  all  the  whorls.  Tertiary  and  Recent. 

Superfamily  4.  RACHIGLOSSA.  Gray. 


Radula  reduced  to  three  teeth  or  to  one  tooth  in  a transverse  series. 


These  are  carnivorous  marine  forms,  which  have  their  initiation  in  the  Mesozoic, 
become  somewhat  numerous  in  the  Cretaceous,  and  form  an  important  element  of  the 
Tertiary  and  Recent  faunas. 


Family  1.  Columbellidae.  Troschel. 


Shell  small,  ovate  to  fusiform,  covered  with  ejndermis,  imperforate, 
canal  short.  Outer  lip  denticulated  internally,  thickened  in  the  middle. 
Tertiary  and  Recent. 

The  typical  genus,  Golmnhella,  Lamarck  (Fig.  961),  attains  its 
maximum  distribution  in  the  Tertiary  and  Recent  seas.  It  is  divided 
into  a number  of  sub-genera. 

Family  2.  Buccinidae.  Troschel. 

Shell  elongate-oval,  covered  with  epidermis.  Aperture  wide,  with 
short  canal.  Outer  lip  sharp  or  thickened.  Operculum  horny.  Cre- 
taceous to  Recent. 


xlperture  narroiv. 


Fin.  9G1. 


Columhclla  curta, 
Duj.  Miocene  ; 
Lapugy,  Transyl- 
vania. 


Buccinum,  Linn.  Inflated,  smooth,  or  transversely  ribbed.  Spiie  inoderately 
high;  ai^erture  wide ; canal  short,  nude,  open.  Outer  lip  sharp  and  thin,  inner  lip 
somewhat  callous.  Distributed  principally  in  waters  of  the  more 
northerly  zones  {B.  undatum,  Linn.).  Fossil  in  the  Crag  and 
Pleistocene. 

Gominella,  Gray  (Fig.  962).  LTsually  spirally  ribbed.  The  last 
M'horl  somewhat  depressed  beneath  tlie  suture,  .so  that  the  aperture 
forms  a small  groove 
posteriorly.  Outer  lip 


Fig.  062. 
Comindla  cassidaria, 


sharp  or  crenate  intern- 
ally. Upper  Cretaceous 


A.  Braun.  Oligocene  ; tO  Recent. 


Hackenheiin, 
Alzey. 


Pseudoliva,  Swains. 

(Fig.  963).  Like  the 
last,  but  outer  liji  -with  a small  basal 
tooth  or  notch  which  corresponds  to  a 
groove  on  the  body  wliorl.  Upper  Cre- 
taceous to  Recent. 

Pisania,  Bivona  {Pisanella,  v.  Koenen  ; 

Taurinia,  Bellardi).  Elongate-ovoid,  spire 
inoderately  high.  Whorls  smooth  or 
spirally  striated.  Outer  margin  thickened, 
notched  internally.  Tertiary  and  Recent. 

Pollia,  Gray  {Gantharus,  Bolten  ; 

Tritonidea,  Swains.),  (Fig.  964).  Oval, 
inflated  ; spire  and  aperture  of  about  equal  length  ; surface  usually  sjiirally  ribbed 
and  transversely  folded.  Columella  often  with  weak  transverse  folds  ; outer  margin 
thickened,  crenate  internally.  Aperture  posteriorly  with  a short  canal.  Tertiary 
and  Recent. 


Fig.  ;iG3. 

Pseudoliva  Zitteli,  Petliii. 
Upper  Cretaceous  ; Fruska 
Gora,  Hungary. 


Fig.  964. 

Pollia  suhlavuta.  Bast, 
sj).  Miocene  ; Enzes- 
feld,  near  Vienna. 
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1‘hjs,  :\Iontf.  Sliell  elongate,  Ijiiccinifonn,  turriculate ; spire  sliarp,  elevated, 
whorls  ornamented  with  prominent  longitudinal  costae,  and  less  salient  S])iral  threads 

and  sulci,  often  varicose.  A2)erture  oblong  ; outer 
margin  lirate  within.  Columella  excavated, 
j)licate  in  front  ; canal  short,  slightly  twisted. 
Tertiary  and  Ilecent. 

Ehurna,  Lam.  (JhpsaccuK,  Klein),  (Fig.  96o). 
Hesemhling  JSasm,  Init  smootli,  ])erforate,  and  witli 
deejily  incised  sutures; 
outer  margin  sharjx  Tertiary 
and  Recent. 

Xassa,  IMartini  (Fig. 

966).  Ovate,  inflated.  Aper- 
ture witli  .short,  reverted 
canal  ; inner  lip  callous, 
exjiandcd  ; outer  margin 
usually  crenate  internally. 

Si>arse  in  L"p])er  (,'retaceou.s  and  Eocene,  abundant  in  Miocene 
and  Pliocene  ; living  species  exceeding  200  in  nundjer,  and  dis- 
trilmted  in  numerous  sub-genera. 

riiclonassa,  Agassiz  ; CijUene,  Gray ; Trnncaria,  Adams ; 

Baccinopsis,  l)eshaye.s.  Tertiary  and  Recent. 

Chrymlomus,  Swains.  (Xeptunca,  Rolten).  Elongate -ovoid, 
inflated,  sometimes  sinistral,  witli  ratlicr  sliort  and  sometimes 
bent  canal.  Cretaceous  to  Recent.  C.  contrarim,  Lam.  Ci'ag. 

Si]iJtonulia,  Zcrniru,  Metula, 

.Alams ; Eulhria,  Gray;  Henufiisns,  Swainsou  (Fig. 
96(1.  lertiarv  and  Recent.  Mitraefusus,  f' Gcnea, 
Hellardi.  Xeocene. 

Mrlongend,  Sebum.  (Pjiruhi,  Lam.  ]i.p.  ; Myristica, 


Fic;.  Wuj. 

KhnrBn  caronh, 
Bron^'t.  sj).  Eocene ; 
Honea,  near  Vicenza. 


Fig.  iX'ii;. 

iVrwo  cldthrato, 
Brocclii.  Pliocene  ; 
Larniano,  Tuscany. 


Kn;.  1H)7. 

Unni/usHs  subrarinotiin, 
Lam.  sp.  Eocene  (Sablcff 
moyens) ; Senlis,  Seine  et 
Oise. 


Fig.  OiiS. 

yidongeno  cornuto,  A-jassiz.  Miocene  ; Bordeaux. 


Fig.  OfiP. 

Tudicla  riisticula,  Bast.  sj).  Mio- 
cene ; Grund,  near  Vienna. 


Swains.),  (Fig.  968).  Pyriform,  inflated,  with  short  sjiire.  Body  whorl  large, 
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longitudinally  striated  and  beset  with  nodes  or  rows  of  sjjines. 
aperture  gradually  becoming  merged  into  tlie  slioi’t  and  wide 
canal.  Tertiary  and  Recent. 

Fulgur,  Montfort  {Busycon,  Bolten).  Tertiary  and  Recent. 

Tudicla,  Bolten  (Fig.  969).  Resembles  Fulgur,  luit  has  a 
straight  and  very  long  canal ; inner  lip  with  a fold.  Cretaceous 
to  Recent. 

Strepsidura,  Swains.  (Fig.  970).  Spire  short;  body  whorl 
inflated,  transversely  ribbed  ; canal  curved.  Eocene  and  Pliocene. 


Inner  lip  smooth  ; 


Fig.  ‘JTO. 


Family  3.  Muricidae.  Tryon. 


Strepf^idura  fiadnea, 
T.aiii.  Calcaire  Grossier; 
Dainery,  near  Epernay. 


Shell  thick.  Spire  moderately  high;  ichorls  ivith  transverse 
swellings,  ribs,  or  folia,  and  frequently  spinose.  Aperture  rounded,  or  oval;  canal  more 
or  less  elongated,  icholly  or  partially  covered  by  margins  of  the  inner  and  outer  Ups. 
Operculum  horny.  Cretaceous  to  Recent. 


Murex,  Linn.  (Figs.  971-973).  Shell  rounded,  spire  prominent.  Surfiice  with  at 
least  three,  often  more  than  three  varices  or  transverse  rows  of  spines  or  nodes  on  each 

whorl.  Aperture  ovate  ; inner  lip  smooth,  outer  lip 
thickened.  Canal  much  prolonged,  partially  closed, 
usually  spinose.  Cretaceous  to  Recent. 


Fig.  973. 

Murex  (I'teronotus) 
t ricarin  at  II  s,  Lam. 
Eocene  ; Damery,  near 
Epernay. 


Fig.  974. 

Tjiphis  tubi/er, 
Jlontf.  Calcaire 
Cirossier ; Grisr- 
non,  near  Paris. 


Fig.  971. 

Murex  (Phyllonotus)  Seilgwieli,  Jliclit. 
Miocene  ; Gainfahrn,  near  Vienna. 


Fig.  972. 

Murex  spinicosta,  Bronn. 
Miocene;  Baden,  near 
Vienna. 


Sub-genera:  HaustcUiirn,  Klein;  rjdnacantha , Adams;  Chicorcns,  PkyUonotus  (Fig.  971'', 
(Montfort;  Ptcronotus,  Swainson  [Triplex,  Perry),  (Fig.  973);  Ocinehra,  Leach,  etc. 

Typhis,  (Montf  (Fig.  974).  Like  Murex,  but  with  hollow  spines.  Canal  short, 
completely  closed.  Upper  Cretaceous  to  Recent. 

Trophon,  (Montf  Spire  high.  Longitudinal  ribs  replaced  by  thin  lamellae. 
Canal  open,  somewhat  curved.  Tertiary  and  Recent. 


Family  4.  Purpuridae.  Gray. 

Shell  thick,  usually  ovoid;  spire  short,  body  whorl  large.  Aperture  wule,  inner  lip 
and  columella,  more  or  less  flattened ; canal  short.  Operculum  horny.  Cretaceous  to 
Recent. 

Purpura,  Brug.  (Fig.  975).  Imperforate;  body  whorl  with  transverse  ribs  or 
nodes.  Aperture  oval,  columella  tlattened,  smooth.  Tertiary  and  Recent. 
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Rapana,  Sclium.  (Fig.  976).  Like  the  i)recediiig,  l)ut  perforate.  Inner  lip  callous, 
expanded.  Cretaceous  to  Recent. 

Lysis,  Gabb ; Stenomphalus,  Sandberger. 

Cretaceous  and  Tertiary. 

Sistrura,  i\Iontf.  {Ricinula,  Lain.) ; Mono- 
ceros,  Lain.  ; Concholepas,  Lain. ; Cyniia, 
iMbrcli,  etc.  Tertiary  and  Recent. 


Family  5.  Fusidae.  Tryon. 

Shell  turreted,  fusiform  or  ovoid,  [lenerally 
ivithout  varices.  Canal  more  or  less  elongated. 
Inner  lip  smooth,  or  with  weal:,  columellnr 
folds;  outer  margin  thin.  Operculum  horny. 
Jura  to  Recent. 


These  shells  are  spame  in  the  Upper  Jura 
and  Cretaceou-s,  liut  abundant  in  the  Tertiary 
and  Recent.  The  animal  ditfers  but  little 
from  that  of  the  Buccinidae  and  Muricidae. 

Fusu-s  Lam.  {Coins,  Humph.),  (Fig.  977). 


Vui'jivi'n  exitis, 
Partsch.  Mio- 
cene ; M-illers- 
• lorf,  near  Vienna. 


Kio.  (170. 

Jlajmnn  laxecarinatu^  Micht. 
Olij^ocene ; Santa  (jiustimi, 
Italy. 


Fn s».'-  lontj i rost ris, 

Hrocchi.  Miocene ; Cbnrlht 
Baden,'  near  Eocene; 
Vienna.  Epernay. 


Shell  narrow,  elongate  ; spire  aciiininate. 
Aperture  ovate  ; canal  very  long,  straight,  open. 
Outer  margin  thin,  sometimes  crenulate,  and 
often  striate  within  ; columella  smooth.  Rare 
in  Upjier  Jura  and  Cretaceous,  very  2)rofuse  in 
Tertiary  and  Recent. 

Clavella,  Swains.  (Cyrtulus,  Hinds),  (Fig. 
978).  Thick-shelled,  smooth,  or  with  fine  sjiiral 

striae.  Rody  whorl 
suddenly  contracted 
anteriorly.  Canal 
very  long,  straight. 
Common  in  Eocene ; 
rare  Xeocene  and 
Recent. 

Sycum,  Bayle 
{Leiostom a , S wain.s.), 
(Fig.  979j.  Sjiire 
short  ; body  whorl 
in  Hated,  smooth, 
somewhat  flattened 
l)elow  the  suture. 
Inner  lip  smooth ; 
canal  straight. 
Common  in  the 


I'l...  STs. 

lomjnevns^ 
Dainery,  near 


Via.  97'.». 

Siftnnn  hvIbi/ni'mU^  Lam.  Cal- 
cairc  (Jro.ssicr;  Grignon,  near 
Pari.s. 


rare  in 


Eocene 
Miocene. 

Fasciola  ria, 
Lam.  (Fig.  980). 


Like  Fusus,  but  distinguished  in  general  by  having  a .shorter  spire,  more  inflated 
body  whorl,  a wider  and  more  .sinuous  or  Hexuous  canal,  and  in  that  the  anterior 
portion  of  the  columella  has  two  or  three  oblique  plications.  Cretaceous  to 


Recent. 

Latirus,  iMontf.  (Fig.  981).  Shell  fusiform,  turreted  ; sinre  costate.  Aiierture 
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oblong,  outer  margin  relatively  thin,  crenulate  ; coluniellar  border  slightly  twisted, 

with  two  or  three  small  oblique  plaits 
anteriorly  ; sometimes  umbilicate.  Cre- 
taceous to  Recent. 

Piscmella,  v.  Koenen.  Oligocene. 
Peristernia,  Mdrch  ; Leucozonia,  Gray. 
Tertiary  and  Recent. 


Family  6.  Turbinellidae. 

Shell  similar  to  those  of  the  preced- 
ing family,  hut  ivith  strong,  horizontal 
coluniellar  folds.  Tertiary  and  Recent. 

Turhinella,  Lam.  (Mazza,  Adams  ;■ 
Mazzalina,  Conrad).  Thick  - shelled, 
ovate-conical,  smooth  ; spire  short  and  blunt,  body  whorl 
large  ; canal  straight,  elongated.  Eocene  to  Recent. 


Fig.  981. 

Lutirus  craticulutus, 
d'Orb.  .sp.  Miocene  ; 
Lapugy,  Tran.sylvaiiia. 


Jhimily 


Volutidae.  Grav. 


Shell  thick,  ovate  to  fusiform,  dull  or  lustrous.  Spire 
short  or  long,  body  whorl  large.  Aperture  elongated,  with  a 
short  canal  or  notch ; inner  lip  with 
columellar  folds.  Operculum  usually 
absent.  Cretaceous  to  Recent. 


Fio.  980. 

Fasciolaria  Tarhelliana.Gnit. 
Miocene  ; Grund,  near  Vienna. 


Fig.  982. 


This  family,  as  here  defined,  contains 
genera  distributed  by  malacologists 
amongst  several  families  — Marginel- 
lidae,  Mitridae,  and  Volutidae — all  of  which  are  characterised  by 
the  strong  develo})inent  of  columellar  folds  ; 
but  it  is  likely  that  this  structure  originated 
independently  in  several  pliyla  at  intervals 
remote  from  one  another.  The  initiation  of 
well-marked  genera  with  Volutoid  plaits 

^ /-<  . n 1 .Li  .1  • Mavaindla  crassula^ 

occurrea  m the  Cretaceou.s.  bubsequently  their  Desii.  Caicaire  Gros- 

number  increased,  and  a great  many  generic  C\muinont,  near 

types  became  differentiated.  The  phylogeny 

of  Tertiary  and  Recent  forms  has  lieeii  ably  worked  out  by  DaPd 

Marginella,  Lam.  (Fig.  982).  Shell  oval  or  oblong,  smooth, 

glistening.  Spire  short ; aperture  narrow,  slightly  canaliculate 

anteriorly.  Columella  with  three  or  four  oblique  folds  of  about 

equal  size  ; outer  margin  frequently  thickened  and  dentate. 

Tertiary  and  Recent. 

Mitra,  Lam.  (Fig.  983).  F'usiform  to  elongate  - oval,  solid  ; 
spire  high,  acuminate ; aperture  narrow,  channelled  anteriorly. 
Columella  with  numerous  oblique  folds,  the  j^osterior  plaits  being 
often  the  strongest.  Outer  margin  commonly  thickened,  and 
Mitra  fmiformis,  smooth  internally.  Abundant  in  the  Tertiary  and  Recent. 

Rhodes'  ! Turricula  (Klein),  Adams.  Like  the  last,  but  shell  transversely 

ribbed.  Cretaceous  to  Recent. 


Fig.  983. 


^ Bull.  Museum  Comp.  Zoology,  vol.  XVIII.,  1889  ; Proc.  U.S.  Nat.  Museum,  vol.  XII.,  1890  ; 
Trans.  Wagner  Free  Inst.  Soi.  Philad.,  vol.  III.,  1890. 
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Sul)-genera  : FnUjdi-'ui,  Helium.  ; Scaphu,  Gray 
(Fig.  !>SS)  ; Vohilclhi,  d'Orb.  ; ^lariiiiu,  Adams 
(ruhiti/iisKS,  Conrad),  etc. 


Strigatella,  Swain.s.  (Fig.  984) ; Ciihndromitra,  Fisclier  {Cijlindra,  Scliiim.) ; hn- 
bricaria,  Sclmm.  ; Volutomitra,  Crray.  Tertiary  and  Eecent. 

Lyria,  Gray  (Fig.  985).  Elongate -oval,  tran-svei-sely  ribbed.  Aperture  narrow. 
Columella  anteriorly  with  two  much  compressed  and  very  large  jilications,  behind 

(above)  udiich  are  numerous  weaker  ones. 
Outer  margin  thickened.  Tertiary  and  Recent. 
Halia,  Risso  {Priamus,  Beck).  Xo  coluniellai’ 
A folds.  Pliocene  and  Recent. 

VoliUilithet^,  Swains.  (Fig.  986).  Shell 
fusiform,  sjiire  elongate-conical ; nucleus  small, 
rising  to  a more  or  less  acute  ajie.x.  '\^Tlorls 
costate,  tyjucally  .s])ino.se.  Ajierture  anteriorh^ 
with  short  broad  canal ; columellar  folds  vari- 
able, several  in  number,  tho.se  toward  the 
anterior  being  generally  the  most  jironounced. 
Abundant  in  the  Cretaceous,  Eocene,  and 
Oligocene;  only  one  recent  species. 

Allied  genera  and  sub -genera:  Gosavia, 
Stol.  ; Leioderma,  liostellites,  Conrad  ; Voluto- 
denaa  (Fig.  987),  Volutomorpha,  Gabb.  Cre- 
taceous. 

Athlcta,  Conrad.  S])ire  short,  body  whorl 
intlated,  ])Osteriorly  with  a row  of  sjiinous 
nodes.  Inner  lip  callous,  much  expanded  ; 
columella  anteriorly  with  three  strong  trans- 
verse folds,  behind  (above)  which  follow  a few 
weaker  ones.  Outer  margin  thickened.  Eocene 
and  Miocene. 

988).  Shell  elongate- 
smooth  nucleu.s.  S))ire 


t'lG.  ilSI. 

Sli  iijiilclla  hihrntuhi, 
T.am.  .sp.  Eoeiae ; 
(iii'-iioii. 


Fig.  OS.i 


I.iiria  moihfln,  A. 
Iliaiin.  Oligocfiie ; 
Wcinlieiin. 


Fig.  astj. 

Volutilithes  hicornmt^ 

I.ain.!  i Eoci'iiP  ; Coiir- 
tai^non,  near  Epernay. 

Voluta. 

oval  or  fusiform,  .solid,  liroad,  and  with  elevated, 
short,  longitudinally  plicate,  the  folds  being 
elevated  into  obtu.se  tubercles  on  the  base  of 
the  whorls.  Aperture  narrow,  canaliculate 
behind  and  broad  in  front  ; inner  margin 
often  covered  by  a thin  callus.  Columella 
carrying  many  jilaits,  four  or  live  of  which 
are  jirominent,  the  remainder  much  smaller. 
Tertiarv  and  Recent. 


I 


Jinn.  (Fig. 
turbinate. 


Mhsich,  llumjihrey.  Spire  short,  nucleus 
small.  Ajierture  narrow,  inner  lip  callous, 
with  numerous  transver.se  fold 
tliickened.  Tertiary  and  Recent. 

Cymhium,  Klein  (Vetun,  Adams;  Melo, 
llumjdi.).  Cretaceous  to  Recent. 


outer  margin 


Fig.  987. 

Vohit ilithes  (rolu- 
todermo)  elongaia^ 
<rorb.  Oosau-Crc- 
taceous ; fSt.  Gilgpii, 
Austria. 


Kio.  988. 

Voluto  {Swpha)  muricimt 
Lain.  Calcairft  Grossier ; 
Lamery,  near  Epernay. 


Family  8.  Harpidae.  TroscheL 

Spire  depressed;  body  whorl  inflated,  with  sharp,  uniformly  sjKiced  transverse  ribs. 
Aperture  wide,  v:ith  short,  broad  canal.  Inner  lip  callous.  Operculum  absent.  Tertiary 
and  Recent. 
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(Fig.  989),  ranges  from  tlie  Eocene 


Tire  typical  genus  Harpa,  Lam.  {Silia,  Mayer 
to  the  present  time. 

? Harpopsis,  Mayer  {Gryptochorda,  Mdrcli), 

(Fig.  990).  Elongate-oval ; spire  short,  body 
whorl  large,  smooth,  lustrous.  Aperture 
with  short  recurved  canal ; inner  lip  callous. 

Common  in  the  Eocene. 

Family  9.  Olividae.  d’Orbigny. 

Shell  elongate-oval  to  sub -cylindrical,  solid, 
smooth,  and  glistening.  Spire  short ; body 
ivhorl  very  large.  Aperture  narrow : outer 
lip  slmrp ; columellco  anteriorly  with  an  out- 
vmrdly  reflected  callus.  Canal  very  short. 

Cretaceous  to  Eecent. 

Oliva,  Brug.  (Fig.  991).  Shell  sub- 
cylindrical  ; suture  line  marked  l>y  a deep  groove.  Columellar  callus  oblicpiel}'  folded. 

Cretaceous  to  Eecent. 

Ancilla,  Lam.  (Ancillaria,  Lam.),  (Fig.  992). 
Shell  oblong,  occasionally  acuminate.  Suture 
usually  covered  over  by  a lustrous  enamel -like 
callus.  Aperture  somewhat  broadened  anteriorly  ; 
columellar  callus  slightly  twisted.  Cretaceous  to 
Eecent. 


Fig.  98y. 

Harpa  mutica,  Lam. 
Calcaire  Grossier; 
Grignon. 


Fig.  000. 

Harpopsis  stromhoiiles, 
Lam.  sp.  Calcaire 
Grossier:  Dam  cry, 
near  Epcrnay. 


Fig.  091. 

Oliva  clavulUy  Lam. 
Miocene  ; Dax,  near 
Bordeaux. 


Ancilla  gUtndi- 
formis,  Lam.  Mio- 
cene ; Steinabrunn. 


Superfamily  5.  TOXOGLOSSA.  Troschel. 

Eadula  typically  with  only  two  arrow-shaped 
teeth  in  each  transverse  row,  although  occasionally 
as  many  cts  five  teeth  are  developed.  Shell  similar 
to  that  of  the  Rachiglossa. 

Tliis  group  is  closely  allied  to  the  Rachiglossa,  from  which  it  probal)ly  became 
differentiated  in  the  Cretaceous.  The  Tertiary  and 
Eecent  sjjecies  are  excessively  profuse.  All  are 
carnivorous  and  marine. 

Family  1.  Cancellariidae.  Adams. 

Shell  oval  to  turreted.  Spire  acuminate ; body 
whorl  inflcited ; surface  transversely  ribbed  and  in  most 
cases  cancellated.  Aperture  ivith  short  canal  or  notch  : 
columella,  with  several  strong  oblique  folds,  older  lip 
grooved  internally.  Upper  Cretaceous  to  Eecent. 

The  typical  genus  Gancellaria  (Fig.  993)  attains  Liiiif.  Jiio- 

a maximum  distribution  in  the  late  Tertiary  and  f,ear  Viei'ni'a 
Eecent. 

Family  2.  Terebridae.  Adams. 

,,  Shell  turreted,  slender,  acuminate,  icifh  small  body  whorl.  Aperture 

I'erehm  acuminata,  , 7-7.7  77.  7 .7-7 

Boi-son.  Miocene  ; ovcU  Or  quaclruateral ; canal  short,  curved ; outer  lip  sharp.  Oper- 

Baden,  near  Vienna,  culum  horny.  Tertiary  and  Eecent. 

Of  the  two  leading  genera,  Terebra,  Lam.  (Fig.  994),  and  Acus,  Humjihr.,  tlie  first 
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is  cliaracterised  by  a line  running  i)arallel  with  the  suture,  and  creating  a narrow 
suture  band. 


Family  3.  Pleurotomidae.  Stoliczka. 


Shell  fusiform,  with  moderatehj  hiijh  spire.  Aperture  elonejated , produced  anteriorly 
in  a longer  or  shorter  canal.  Outer  lip  with  a slit  or  notch  below  the  suture.  Operculum 
horny,  sometimes  absent.  Cretaceous  to  Kecent. 


Upwards  of  700  recent  and  1000  fos.sil  species  have  been  described,  of  which  28 
are  Cretaceous. 

Pleurotorna,  Lam.  (Figs.  995-998).  Shell  turriculated,  S2>ire  long.  Body  whorl  of 
nearly  equal  length  with  the  S2»ire ; canal  long  and  straight  ; columellar  margin 


A 


l-lr,.  '.iO.'.. 


Fir..  09C. 


vl,  rieuriifotiut  Hrocchi  var.  ( = /'.  moniUs, 

Hocrncs).  Miucnm;  near  Vienna,  li,  I\  {Surcul>) 

Loniiirrhi,  Miocene;  Ration,  near  \ienna.  C',  J'. 

(Snrculo)  hijhjiiVy  Ny.st.  Oligocene  ; Weinlioim,  near 
Alzoy. 


A,  Mrurotomn  (Gcnota)  ramosa^ 
Hast.  Miocene;  Grund,  Hunjzary. 
II,  P.  {CryptfMioniLS)  Jilosa,  Lam. 
(’alcaire  Gro.ssior ; Griguon,  near 
Faris. 


smooth.  Outer  margin  of  the  ajjerture  with  a narrow,  deej)  sinus,  situated  at  or  some 


I'K^  097. 

J'lntrof'f'ina  (J)oltrhO’ 
tomit)  c(i  to  fAt  rtK.to, 

Brocclii.  Miocene ; 
Baflen,  near  Vionna. 


Fio.  im. 

Pkvrofomo  (Ifrillm) 
t n crossn to.  I ) uj . Mio- 
cene ; Steinahninn. 
near  Vionna.  -7i- 


Fio. 

Clovnt ulo.  osjifrvloto, 
Lam.  Miocene;  Gruml, 
Hungary. 


distance  below  the  suture. 
Oiierculum  jiointed  ovate, 
with  ajjical  nucleus.  Cre- 
taceous to  Becent. 

Sub-genera : Surcula 
(Figs.  99.0,  B,  C)  ; Genota, 
Adams  (Fig.  996,  A)\  JJoli- 
chotoma  (Fig.  997),  Oligo- 
lovw,  lluualtia,  Bellardi  ; 
Gryptoconus,  v.  Koenen 
(Fig.  996,  B)  ; Drillin  (F'ig. 

998) ,  Bdn,  Gray ; Luchesis, 
Ri.sso,  etc. 

Clavatula,  Lam.  (Fig. 

999) .  Bilfers  from  Fleuro- 
toma  in  that  the  outer 
margin  is  cut  by  a shallow 
triangular  notch,  and 
nucleus  of  02)erculum  is 
situated  in  the  middle  of 


the  anterior  margin.  Cretaceous  to  Recent.  Sub-genera : Pseudotoma,  Clinura, 

Bellardi. 
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Borsonia,  Bellardi  (Fig.  1000).  Outer  margin  with  a shallow  notch  ; canal  long 
and  straight ; columella  with  one  or  two  folds ; operculum  unknown.  Eocene  to 
Eecent. 

Mangilia,  Risso  (Figs.  1001,  1002).  Small,  fusiform,  imperforate,  and  typically 
with  longitudinal  costae  or  swellings.  Aperture  commonly  narrow,  with  a short. 


I, 

I 

1 

) 

I 

I 


Fig.  1000. 

Borsonia  Delude 
Nyst.  Lower  Oligo- 
cene ; Lattdorf,  near 
Bernburg. 


Fig.  1001. 

Mangilia  angusta, 
Jan.  Pliocene  ; 
Occiano,  near  Pisa. 


A B 


Fig.  100*2. 

.4,  Mangilia  (Clo.thur- 
ella)  stromhillus,  Daj. 
Miocene ; Kienberg, 
near  Vienna.  B,  M. 
(Homotoma)  reticulata, 
Brocchi.  Pliocene ; 
Sassnola,  near  Modena. 


Fig.  1003. 

Daphnella  {llaphi- 
foni  a)  V ul  pecula, 
Brocchi.  Pliocene ; 
Sassnola,  near 
Modena. 


truncated  canal ; inner  margin  varicose  ; sinus  near  the  suture.  Outer  margin  usually 
somewhat  thickened,  posteriorly  with  shallow  notch.  Tertiary  and  Recent. 

Allied  genera  are  the  following  : — Glaflmrella,  Carp.  (Fig.  1002,  A) ; Homotoma 
(Fig.  1002,  B)  ; Afovia,  Bellardi  ; Dcqjhnella, 

Hinds,  with  sub-genus  Ecqjhitoma,  Bellardi  (Fig. 

1003) ; Eucythara,  Fischer,  etc. 


Family  4.  Conidae.  Adams. 

Shell  convolute,  turbinate,  or  sub  - cylindrical, 
generally  smooth.  Spire  short,  conical  or  flattened. 

Aperture  long,  narrou’,  anteriorly  notched.  Outer 
lip  sharp,  sometimes  with  an  anal  sinus  below  the 
suture.  Columella  smooth.  Operculum  horny. 

Cretaceous  to  Recent. 

This  family  is  now  enjoying  its  acme  of 
development,  having  entered  upon  its  ascendency 
during  the  Tertiary.  The  typical  genus  Conus, 

Linn.  (Fig.  1004),  is  divided  by  malacologists 
into  niunerous  sub -genera,  connected  with  one 
another  by  intermediate  forms.  It  is  initiated  in 
the  Cretaceous. 

Conorbis,  Swains.  Characterised  by  a high 
spire,  and  a curved,  outer  lip,  which  is  deeply  notched  posteriorly. 


Fig.  1004. 

A,  Conus  pondcrosus,  Brocchi.  ^Miocene  ; 
Lapugy,  Transylvania.  B,  C.  parisiensis, 
Desh.  Calcaire  Grossier ; Grignon,  near 
Paris. 


Eocene  and 


Oligocene. 


Sub-Class  2.  EUTHYNEURA.  Spengel. 

j Gastropods  in  ichich  the  visceral  nerve  commissures  are  not  crossed,  but  form  a simple 

I loop ; the  sexes  are  united  {hermccphrodite) ; and  the  heart  is  often  in  front  of  the  gill. 
i Shell  .sp)iral  or  saucer-shaped,  frequently  vestigeal  or  absent;  operculum  generally  uxinting. 
t Eadula  generally  multiserial. 
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Order  1.  OPISTHOBRANCHIA.  Milne-Edwards. 

Marine,  v:ater-hreathin(j  forms,  either  naked  or  shell-covered,  in  lohich  the  gills  are 
2daced  behind  the  heart  and  lie  free  on  the  back  or  side ; or  true  gills  may  he  absent, 
being  re^Aaced  by  secondary  or  false  gills.  Heart  with  a single  auricle. 

4’lie  Opistliolirauchiates,  unlike  tlie  Streptoneura  (Prosoliraiichiates),  send  tlie  blood 
into  the  heart  from  behind,  instead  of  from  the  anterior  side.  The  gills,  in  the  form 
of  a more  or  le.-^s  branched  plume,  lie  on  the  right  side,  or  are  replaced  by  false  gills 
not  homologous  -with  the  ctenidium,  arranged  either  in  two  rows  on  the  back,  or 
wreath-like  around  the  anus.  The  gills  are  often  covered  by  the  mantle,  and  some- 
times become  completely  atrojihied.  The  radula  generally  re.sembles  that  of  the 
Pulmonates.  The  body  and  nervous  system  usually  exhibit  bilateral  symmetry. 

Two  sub-orders  are  recogni.sed  in  the  recent  fauna  ; (1)  Xudibranchiata,  in  which 
a shell  is  absent,  excei)t  during  the  larval  stage,  and  the  ctenidium  is  reidaced  by  false 
gills ; abundantly  distributed  in  all  seas  at  present,  but  owing  to  their  2>erishable 
nature  are  unknown  as  fossils;  and  (2)  Teetibranchiata,  in  which  a mantle,  shell,  and 
ctenidium  or  true  gill  is  develojied.  To  these  it  will  be  convenient  to  add  a thinl 
grouj),  1‘tcro'poda,  which  is  here  given  nominal  rank  as  a sub-order  ; as  well  as  a 
fourth,  Gonularida,  to  contain  Palaeozoic  forms  of  doubtful  atlinities. 

Sub-Order  A.  TECTIBRANCHIATA.i 

This  group,  brielly  defined  above,  h;is  fossil  re])resentatives  as  early  ;is  the 
Palaeozoic.  During  the  IMesozoic,  a few  genera  now  extinct  were  very  ])rofuse.  ilost 
of  the  Tertiary  sjiecies  belong  to  existing  genera. 


Family  1.  Actaeonidae.  d’Orbigny. 


Hhell  ovale,  v:ith  exposed  .‘<j)ire,  the  surface  usually  grooved  and  2’Wictured,  sometimes 
.smooth.  Aperture  long,  rounded  below;  columella  generally  twisted,  or  with,  folds. 
Operculum  luiucispiral.  Carboniferous  to  Recent. 


Solid ul(i,  F.  de  Waldheim  {/luccinulus,  Adams;  Daefylus,  Schum.).  Ovate  or 
oblong,  comjiact,  .«olid,  with  a short  conic  s])ire.  Columella  bearing  two  ])lic<ations,  the 
anterior  ])rominent  and  bilid,  the  j)osterior  comj>aratively  incon,sj)icuous  when  the  shell 
is  entire  ; between  them  the  columella  is  spirally  excavated.  A few 
ill-delined  si^ecies  from  the  French  Flocene  and  Miocene,  one  fi'om  the 
Australian  Pliocene,  and  numerous  recent,  troj)ical  sj)ecies  are  known. 

Tornatcllaea,  Conrad  CFig.  1005).  Differs  from  Solidula  and 
Arlaeon  in  the  more  anterior  disjiosition  of  the  two  columellar 
jilieations,  in  the  marked  de})re.<sion  on  the  anterior  2>ortion  of  the 
a])erture,  and  in  the  greater  thickne.ss  of  the  shell  near  the  outer 
border  of  the  ai)erture,  which  is  frecjuently  crenulated.  Base  of  Jura 
to  Miocene;  widely  distributed.  Tyj>e — T.  bclla,  Conrad.  Sub- 
genus— 'I'riploca,  Tate.  Floceiie  ; Australia. 

Acta.con,  iMontf.  (Tornatella,  Lam.  ; Speo,  Ris.«o  ; Kanilla,  Silver!.). 
C)\  al,  sjiirally  jmnetate-striate,  with  conic  sjjire.  Protoconch  not  very  j)rominent ; 
nucleus  sinistral.  Columella  thick,  with  one  strong,  sjiiral,  slightly  oblif^'ie  jilication. 
Cjil'er  Cretaceous  to  Recent. 


I'ic.  lOO.j. 

Tftnu'ts'flo.eo  shim- 
fSowb.  Oli.Lin- 
(MMu* : Lattdorf, 
near  Hern)nlrL^ 


^ Literature  (see  also  ]>rececliiig  bil)liograj)hies) : 

Cnssmff/iH,  M.y  E'^sais  de  Ealeoconchologie  coiiiparce,  I.,  1895. 

PUshry.  JI.  >1..  ^lonogra})h  of  Recent  Teetibranchiata,  in  Manual  of  Concholog}',  vols.  XV.,  XVI. 
1894-95. 
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Adelactaeon,  Cossm.  (Mijonia,  Adams).  Protoconch  with  sinistra!  nucleus  ; not  very 
large.  Whorls  decussated  Ijy  fine  striae,  growth -lines  inconspicuous.  Columella 
slightly  excavated,  and  carrying  a small  hut  well-marked  plication. 
Miocene  of  France  and  Germany,  and  Recent. 

Actaeoniiia,  d’Orh.  {Orthostoma,  Desh.),  (Figs.  1006,  1007). 
Shell  ovoid  to  fusiform,  usually  smooth,  rarely  spirally  striated. 


Fig.  1006. 

Actaeonina  Dormoi- 
smna,  d’Orb.  Coral-Rag ; 
Valtiii,  Aiii. 


Fig.  1007. 

Avfaconino.  myosotls, 
Buv.  Coral-Rag;  St. 
Mihiel.  Meuse.  -/i 
(after  Buvignier). 


Fig.  lOOS. 

i'l/lindrites  acutus, 
Sowb.  sp.  Great- 
Oolite;  M i n 0 h i n- 
liampton,  England. 


Fig.  1000. 

.IctaconcUa  ffiffantea,  Sowb.  Turoiiian  ; Griiii- 
bach,  I.ower  Austria. 


Spire  conical,  body  whorl  very  large,  narrowing  toward  the  base.  Columella  straight, 
without  folds.  Outer  lip  sharji.  Carboniferous  to  Recent. 

Sub-genera:  Eaconadaeon,  Co'/ierfaeoa,  Meek.  Lias.  DouviUeia,  Bayle.  Tertiary. 


Cylindrites,  Fer.  (Fig.  1008).  Cylindrical-ovoid  with  short 
with  an  anterior  fold.  Trias  to  Cretaceous. 

Bullina,  Fer.  Jura  to  Recent.  Gylindro- 
hullina,  v.  Amnion.  Trias,  Lias.  Etallonia, 

Desh.  Jura  and  Tertiary.  Bullinula,  Beck. 

Jura  to  Recent. 

Actaeonella,  cTOrb.  (Figs.  1009-  1011). 

Thick -shelled,  inflated,  smooth.  Siiire  short  ; 
columella  thickened  anteriorly,  with  three 
sharp  folds.  Very  profuse  in  the  Middle  and 
Upper  Cretaceous  ; maximum  distribution  in 
the  Hipjiurite  Limestone  of  the  Alps. 


spire.  Columella 


Sub  - genus  : VolvuUna,  Stol.  (Fig. 

Like  the  preceding,  but  with  insnnken 
Cretaceous. 


1011). 

spire. 


Fig. 


1010. 

Adacondla  volute^ 
Goldf.  Turonian  ; 
Gams,  Styria. 


Volvaria,  Lam.  Cylindrical,  with  in- 
volute, concealed  spire.  Surface  usually 
spirally  striated  ; aperture  narrow  ; columella  with  four  anterior  plications. 


ActacoiieUa  (Volvn- 
laevis,  Sowb. 
Turonian  ; Gosau. 


Eocene. 
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Family  2.  Ringiculidae. 

hioperculate  forms  resembling  Actaeonidue  in  having  colurncllar  folds.  Cretaceous 
to  Recent. 

Cinulia,  Gray  (Fig.  1012).  Gloljose,  intlatecl,  spirally  grooved  or  ]mnctate.  Spire 
short  ; aperture  crescentic ; outer  lij)  reflected  aiul  thickened.  Columella  and  inner 
lip  ivith  numerous  trairsverse  fold.s.  C'retaceou.s. 


Sub-genera  : AvcUana,  Hinginella,  d'Orb.  ; Eriptycha,  Jleek  ; Furtisia,  Baj’aii.  Eocene. 


Bingicula,  Desh.  (Fig.  1013).  Small,  ovoid  to  gloljase,  thick -shelled,  ivith  mainil- 
lated  protoconch.  Spire  .short ; body  whorl  large,  u.sually  smooth.  Aiierture  canali- 


Fir,.  1013. 


Flc.  1012. 


Ay  Cinvlia  (Avelhuta)  incrassato,  Mant.  sp.  Gault;  Perte 
dll  Rhone.  Ji,  C.  (JiinrjincUc)  lachrymciy  Mich.  Gault: 
Folkestone,  England.  C,  C.  (krijitychn)  decurtatOy  Zekeli. 
Tiironian.  Gosau,  Austria. 


Uingicxda  Ilncrnesiy 
Seguenza.  Miocene ; 
Steinabrunn,  near 
Vienna. 


dilate  jiosteriorly,  excavated  anteriorly.  Colnmellar  border  thick  and  callous  ; the 
columella  arched,  and  furnished  with  from  two  to  four  ])lications.  Outer  margin 
usually  very  thick,  reflected,  and  occasionally  denticulated  within.  Cretaceous  to 
Recent. 

Pugnus,  Hedley.  Cylindrical,  with  sunken  spire.  Recent. 


Family  3.  Akeratidae.  Pilsbry. 


Shell  oval  or  cylindrical,  thin  and  fragile,  the  spiire  low  or  concealed.  Tertiary  and 
Recent. 


Ahera,  Muller  (Fig.  1014).  Thin-shelled,  flexible,  with  expo.sed,  truncated  sjiire. 

Whorls  sej>arated  from  one  another  by  deeji  sutures.  Sutures 

§deep  and  prominent ; outer  lip  sejiarated  from  the  sjiire. 
Eocene  to  Recent. 

Ilaminea,  Leach.  Oval,  thin-shelled,  brittle ; the  spire 
concealed.  Tertiary  and  Recent. 


Fii;.  1014. 

A I'  era  st  riot  ell  n,  L a m. 
Oligoccne  : Castel  (iomberto, 
near  Vicenza. 


Family  4.  Hydatinidae.  Pilsbry. 

Globose  or  oval,  with  exposed,  nearly  level  spire  and.  tilted 
nucleus.  Jura  to  Recent. 


IJydatina,  Leach,  Schuni.  Jura  to  Recent.  Aplustru.m,  Schum.  ; Micromelo, 
Pilsbry.  Recent. 


Family  5.  Bullidae.  Pilsbry  (emend.). 

Shell  oval  or  suh-gloho.se,  involute,  smooth.  Spire  sunhen  and  concealed.  Ap>erture 
long,  rounded  anteriorly ; outer  lip  sharp.  Marine.  Jura  to  Recent. 
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Bulla,  Klein  (Fig.  1015).  Oval,  inflated,  with  sunken  spire  and  perforate  apex. 
Aj>erture  rounded  posteriorly  and  anteriorly.  Jura(?)  to  Recent. 


Family  6.  Tornatinidae.  Fischer. 


Radula  unarmed.  Tertiar}'  and  Recent. 

Tornatina,  Adams  (Fig.  1016).  Cjflindrical,  with  projecting 
spire,  and  sinistral,  tilted  nucleus.  Columella 
hearing  a single  fold.  Tertiary  and  Recent. 

Retusa,  Brown.  Shell  resembling  Gyliclma. 
Tertiary  and  Recent. 

_ Volvula,  Adams  {Volvulella,  Newton).  Fusi- 

Fig.  1016.  form,  the  body  whorl  forming  a point  above  the 
spire.  Focene  to  Recent. 


Tornatina  exerta, 
Desh.  Oli^cene ; 
Jeurres,  near  Etampes 
(after  Deshayes). 


Familv  7.  Scaphandridae. 


Pig.  1015. 

Bnlla  ampulla,  Linn, 
Pliocene ; Asti,  Italy. 


Spire  concealed ; radula  with  few  teeth  in  a row.  Trias  to  Recent. 


Scaphander,  Month  (Fig.  1017).  Shell  sub-cylindrical,  with 
spirally  striated.  Body  whorl  of  enormous  capacity,  much  dilated 
anteriorly.  Columella  spiral,  leaving  a false  umbilicus.  Cretaceous 
to  Recent. 

Atys,  Month.  Cretaceous  to  Recent.  Diapiliana,  Brown. 

Tertiary  and  Recent.  Smaragdinella,  Adams. 
Recent. 

Gyliclma,  Loven  {Bullinella,  Newton),  (Fig. 
1018).  Small,  cylindrical,  solid  ; spire  deeply 
perforated  at  the  summit ; body  whorl  covering 
all  the  others.  Aperture  very  narrow,  outer 

margin  longer  than  the  axis  of  the  shell. 

Columella  thickened  anteriorly  and  bearing  a 

Cyhchna  conoidea,  small  .plication  ; often  umlfllicated.  Trias  to 
Desn.  Oligocene;  -*■  ’ 

Weinheim,  near  Alzey.  Recent. 


epidermis,  usually 


Fig.  1017. 

Scapliandar  coiiicus, 
De.sh.  Eocene  ; Brack- 
lesham,  England. 


Family  8.  Philinidae. 


Similar  to  Scaphandridae,  but  shell  internal,  loosely  coiled,  punctate. 
Recent. 

Philine,  Ascan.  {Bullaea,  Lam.),  (Fig.  1019).  Cretaceous  to 
Recent. 

Family  9.  Umbraculidae. 

Shell  limpet- shaped,  v:ith  loiv  sub-central  apex,  and  sharp,  thin 
edges.  Tertiary  and  Recent. 


Cretaceous  to 


Fig.  1019. 


Umbraculum,  Schum.  {Umbrella,  Lam.).  Shell  orlncular,  liroad,  Dfsh.*^”^ 
patelliform  ; ornamented  exteriorlv  with  concentric  lines  of  urowth  ; in-  Grossier ; 

ternal  surface  with  concentrically  undulating  striae.  Focene  to  Recent. 

Other  families  of  Tectibranchictta,  such  as  Aplysiidae,  Fleurobranchidae,  etc.,  are 
represented  in  the  recent  fauna,  but  their  thin,  often  membranous  shells  have  not  been 
found  fossil.  The  supposed  Aplysias  reported  from  the  Pliocene  by  Philippi  are 
flakes  from  the  interior  of  Pelecypod  valves. 
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Sub-Order  B.  PTEROPODA.  Cuvier.i 

Xaked  or  shdl-cvvered,  henmqdirodife,  pohujic  Mollusca,  without  distinct  head.  Eyes 
rudimentary,  and  foot  replaced  hy  two  lateral,  wing-like  fins,  situated  on  the  anterior  end 
if  the  body.  The  gills  are  placed  behind  the  heart. 

Tlie  body  of  these  free-swimming  Molluscii  is  sometimes  elongated,  sometimes  coiled 
posteriorly  in  a spiral.  In  some  instances  it  is  covered  by  a thin  transparent  shell 
! Thecosomata),  but  oftener  it  is  naked  (Gyrnnosomata).  The  creatures  a.^sociate  in  vast 
•swarms  in  the  ojicn  sea,  and  rise  to  the  surface  toward  nightfall.  Their  shells  often 
accumulate  in  prodigious  (quantities  on  the  sea-bottom,  forming  calcareous  de])osits  of 
eonsidei'able  magnitude. 

Cuvier  recognised  the  Ptero])ods  as  an  indejiendent  chu'^  of  Mollusca,  having  ecqual 
rank  with  the  Gastropods.  The  researches  of  Pelseneer,  however,  have  shown  that 
they  stand  in  about  the  same  relationshiq)  to  the  0])isthobranchs  ius  Heteropods  do  to 
tlie  Prosobranchs.  They  are,  in  fact,  Ojnsthobranchs  which  have  become  ])clagic, 
having  the  foot  transformed  into  a bilobed  swimming  organ,  and  with  a rudimentary 
head.  The  structure  of  the  head  is  very  variable.  The  heart  has  only  one  auricle. 
■Many  shell-covered  forms  {Limacinidae)  develoqi  a horny  oqjorculum,  but  others  are 
without  it. 

Fossil  Pterojiods  similar  to  tho.se  now  living  occur  somewhat  s])aringly  in  the 
U]i])er  Cretaceous  and  Tertiary.  Argillaceous  strata  of  Pliocene  and  Oligocene  age 
are  occasionally  highly  charged  with  the  remains  of  Cleodora ; these  occur  for  the 
most  qiart,  however,  iu  a conij)re.ssed  and  jHjorly  j)reserved  condition. 

Pteroj)od-like  shells  are  jjresent  in  the  Palaeozoic,  aj)2)earing  as  early  as  the  Lower 
Cambrian  (Conularia,  Tentaculites,  llyolites),  where  they  constitute  an  imi)ortant  i)ait 
of  the  fauna.  The.se  remains  were  a.ssigned  unhesitatingly  to  the  Pteroi)ods  by 
d’Archiac  and  de  Verneuil,  Sandberger,  Barrande,  and  numerous  other  authoi'S. 
Xeumayr,  however,  and  more  recently  Pelseneer,  have  urged  strong  objections  against 
their  union  with  this  grouj),  although  they  have  failed  to  suggest  a more  .satisfactory 
position  for  them  in  the  zoological  system.  Xeumayr’s  i)i'02)0.sal  to  associate  the 
Palaezoic  Tentaculites  and  Styliolas  with  Tubicolous  "Worms  was  ivjected  by  Nicholson 
after  a niicrosco2)ic  investigation  of  their  shell-.sti'ucture.  The  hy2>othesis  advocated 
by  ^filler,  Fleming,  Hall,  and  more  recently  by  Ihering,  according  to  which  Conularias 
are  Ce2)halo2iods  akin  to  Oi'thoceratites,  is  utterly  without  any  credible  foundation. 

' Literature  (see  .also  ))rece(liiig  bil)liogra])liies)  : 

.'sinidherger,  (!.,  Die  Flosseufusser  oiler  I’teropoil.a  (Neues  .I.alirl).  t'iir  liliueral.,  jip.  8-2.5),  1847. 
Ilarrii mte.  ./..  I’ugiuiiciilus,  eiii  fossiles  l’tero|)oileii-(!e.sclileclit  (N’eue.s  .Jalirl).  fur  .Mineral.,  jij).  554- 
558),  1847  ; Sy.steine  Silurien  du  centre  dc  la  Bolieine,  vol.  III.,  Pti'ro])odes,  1887. 

SnUcr,  .7.  ir.,  Menioir.s  of  tlie  Geological  Survey  of  Ore.at  Britain,  vol.s.  JL,  111.,  1848,  1866. 
Seyuen'M,  <1.,  I’aleoutologia  nial.acologica  dei  teiTeni  terziarii  del  distretto  di  Messina.  Pteroi)odi  ed 
Etero)iodi  (41em.  Soc.  Ital.  Sci.  Xat.  Milano,  vol.  II.),  1867. 

KiirpinsUii,  ,1.,  Die  fo.s.sileii  Pteroqioden  am  Ost-Abhang  des  Ural.  (Mem.  Ac.ad.  St.  Petersburg,  .ser. 
7,  vol.  X.X.XIL,  [)p.  1-20),  1884. 

hnllfiis,  and  Jtnuioiu/,  (1.,  Li.ste  des  Pti'ro])odes  du  terrain  tertiare  j)ari.sien  (Mem.  Soc.  Malacol. 
de  Bidgifiue,  vol.  X.X.),  1885. 

W'lileiill.  C.  Ik,  Contribution  to  Studies  on  the  Cambrian  Faunas  of  North  America  (Bull.  U.S.  Geol. 
Survey,  vol.  IV.,  No.  .30,  jip.  125-146),  1886  ; The  Fauna  of  the  Lower  Cambrian  or  Olenellus 
Zone  (Tenth  Ann.  Kept.  U.S.  Geol.  Survey),  1800. 

1‘elsenecr,  P..  Kejiort  on  the  Pteropoda  (Report  Challenger  E.viredition,  Zoology',  vol.  XXIIL),  1888  ; 

Bull.  Soc.  Beige  de  Geol.  Palaeont.  et  Hydrol.,  vol.  III.  p.  124),  1889. 
liliinefccnliiini.  M.,  Pteroiiodenreste  aus  der  oberen  Kreide  Nord-Syriens  und  aus  dem  he.s.se.schen 
Oligociin  (Zeitschr.  deutsch.  geol.  Ge.sellsch.,  vol.  XLI.  pp.  593-602),  1889. 

XurAk,  0..  Revision  derqialaeozoischen  Hyolithiden  Buhmens(Abhandl.  bbhrn.  Geselhsch.  Wissensch.  [7] 
Bd.  IV.).  1891. 

lluhn.  <1.,  Sveriges  Kambrisk-Siluriska  Hyolithidae  och  Conularidae  (Afhandl.  Sver.  geol.  Under- 
sukning,  Ser.  C,  No.  112),  1893. 
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It  manifestly  cannot  be  denied  tliat  Conularias  and  Hyolitlies  in  jiai’ticnlar,  as 
regards  size,  shell  structure,  and  probably  also  conditions  of  existence,  differed  con- 
siderably from  recent  Pterojiods.  But  in  spite  of  the  differences  so  strongly 
emphasised  by  Pelseneer,  the  fact  remains  that  of  all  shell-covered  organisms,  they 
api^roach  the  Pteropods  most  nearly,  and  cannot  with  projuiety  be  referred  to  any 
other  group  of  the  Mollusca. 


Family  1.  Limacinidae.  Gray. 

Shell  thin,  spiral,  sinistral,  with  vitreous,  paucispiral  operculum.  Tertiary  and 
Recent. 

The  genus  Limacina,  Lam.  {Spirialis,  Eyd.  and  Soul.  ; Embolus,  Jeffreys),  is  of 
sporadic  occurrence  in  the  Tertiary  (Eocene  and  Pliocene).  Valvatina,  Watelet, 
includes  flat  sinistral  shells  from  the  Calcaire  Grossier  of  Paris,  and  Planorhella,  Gabl), 
contains  similar  forms  from  the  Oligocene  of  San  Domingo. 


Family  2.  Cavoliniidae.  Fischer. 


Shell  symmetrical,  thin,  vitreous,  ventricose,  •pyramidal,  or  conically  tuhiform,  but  not 
spiral.  Cretaceous  to  Receiit. 

Gavolinia,  Gioeni  {Hyalaea,  Lam.  ; Gamopleura,  Bellardi),  (Fig.  1020).  Shell 
globose,  laterally  keeled  and  slit,  acuminate  pos- 
teriorly ; composed  of  two  unequally  arched  pieces, 
one  of  which  projects  helmet-like  above  the  other. 

Recent,  and  fossil  in  the  Italian  Miocene  and 
Pliocene. 

Clio,  Linn.  {Gleodora,  Peron  and  Lesueiir ; 

Balantium,  Benson  ; Flabellum,  Poculina,  Bellardi), 

(Fig.  1021).  Shell  somewhat  angular,  compressed 
dorso-ventrally,  with  lateral  keels.  A crest  or  rib 
generally  extends  longitudinally  along  the  back,  and 
usually  jjrojects.  Ujiiier  Cretaceous  to  Recent.  A 
common  fossil  in  the  Pliocene  of  Monte  Mario,  near  Rome,  and  the  vicinity  of  Messina 
and  Turin  ; also  in  the  Oligocene  of  the  Mayence  Basin,  and  in  the  English  Crag. 


J’lO.  1020. 

.•1,  Cavolinia  (Hiiala.ca)  tridentata,  Forsk. 
Recent.  C,  C.  (Gamopleura)  tauririensis, 
Sisin.  Miocene;  Turin,  Italy. 


A,  Cleodora  pyramidata,  Linn.  Pliocene  ; Monte 
Mario,  near  Rome.  B,  Balantium  recitrvuni,  A. 
Adams.  Recent.  Animal  with  shell  (after  Adams). 
C,  Vaginella  dcpressciy  Daudin  (Cleodora  strangulota, 
Desh.).  Miocene  ; Dax,  near  Bordeaux. 


Fig.  lOii‘2. 

A,  Styliola  recta,  Lesueur.  Recent  (after 
Atlains).  B,  Styliola  striatula,  Novak.  De- 
vonian (Etage  H);  Hlubocep,  Boheniia.  -Vi- 
C,  Styliola.  clavulus,  Barr.  Devonian  (Etage  H); 
Hostin,  near  Prague,  Bohemia.  Several  in- 
dividuals on  slate-fragment.  Vi- 


Sub-genus  ; Styliola,  Lesueur  (Creseis,  Rang 


Crisla,  I\Ienke),  (Fig.  1022). 


Shell  conicah 
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Straight  elongated  ; surface  smooth  or  faintly  striated  ; dorsal  groove  not  parallel  to  axis  of  the 
shell,  but  slightly  oblique,  with  only  the  anterior  extremity  (which  ends  in  a rostrum)  in  the 
ineaian  line  ; emhryomo  portion  ends  in  a pointed  apex.  Tertiary  and  Recent. 

• . V Rohemia,  Nassau,  Ural,  and  North  America,  great  numbers  of  smooth, 

circmlar,  longitudinally  striated  tubes  are  occasionally  met  with,  the  posterior  end  of  which  is 
inllated  into  a^sniall  bulb.  Similar  tubes  have  also  been  described  by  Blankenhorn  from  the 
tietaceous  of  Syria.  IS  one  of  these  ditfer  externally  to  any  great  extent  from  Clio  or  Styliola. 

J arjinella,  Daudin  (Fig.  1021,  C).  Shell  long,  veiitricose,  dejires-secl  ; ajiex  sharp- 
pointed,  constricted  in  front  ; aperture  slightly  canaliciilated  and  conipres.sed  laterally. 
Cross-.section  elliptical.  Upper  Cretaceous  to  Recent. 

Cuvieria,  Rang;  Trvpiera,  Quoy  {Fihiella,  0.  Meyer).  Tertiary  and  Recent. 

E uchilothecci,  fisdier.  Kocene. 

Sub-Order  C.  CONULARIDA.  Miller  and  Gurley. 

Palaeozoic  forms  of  ilouhfful  systeniatic  2>osition,  resemhling  some  recent  Pteropodn, 
but  pirohuhhj  to  he  regarded  us  a parallel  rather  than  as  an  identical  group. 

Family  1.  Tentaculitidae.  Walcott. 

1 hid; -walled,  tapering,  elongate,  conical  tubes,  having  a circular  cross-section,  and 
tei  minuting  piosteriorly  either  acutely  or  in  an  embryonal  bulb.  Surface  ornamented  with 

piarallel  raised  transverse  rings.  The  apical  2)ortion  of 
the  shell  often  filled  with  calcareous  matter,  or  divided 
off  by  transverse  sc2)ta.  Ordovician  to  Devonian. 

Tcntaculites,  Schloth.  (Fig.  1023).  This,  the 
solitary  genus,  is  prodigiously  abundant  in  the 
Silurian  and  Devonian,  the  strata  being  sometimes 
fairly  charged  with  their  reniain.s.  Tlie  shell  is 
comjiosed  of  a compact  outer  layer,  and  an  inner 
layer  made  up  of  thin  lamellae  running  parallel  with 
the  external  surface.  The  supposed  Tentaculites 
described  from  the  Oligocene  by  Ludwig  and  Blanken- 
liorii  are  thin -shelled,  transversely  riljlied,  conical 
tubes,  which  probably  belong  in  the  neighbourhood 
of  Styliola  or  E uchilotheca. 

Family  2.  Torellellidae.  Holm. 

Thich-walled,  smooth,  transversely  or  longitudinally 
striated,  straight  or  bent  tubes,  acutely  terminated  pios- 
teriorly,  and.  without  opcrcula.  Cambrian  to  Silurian. 

Torellella,  Holm.  Tubes  strongly  compressed,  flattened  at  both  ends,  elliiitical  in 
cross-section,  and  with  fine  transverse  striae  ; composed  of  browni-sh-coloured  calcium 
phosphate.  Cambrian  to  Silurian  ; Sweden.  ' 

Hyolithellus,  Saltcrella,  Billings,  Coleolus,  Hall,  and  Coleoloidcs,  Walcott,  from  the 
Lower  Cambrian  of  North  America,  proliably  also  belong  here. 

I 

i 

Family  3.  Hyolithidae.  Nicholson.  ! 

Shell  symmetrical,  conical,  or  pgi'amidul,  .straight  or  sluirply  bent;  cross-section  j 
triangular,  ell^itical,  or  lenticular ; one  side  often  fattened,  and  the  other  arched,  or  with  ■ 


Fig.  1023. 

A , Tenfociil iks  sralnris, 
Schloth.  Erratic  block  of 
( )r(lovician  ; Berlin.  7^,  7’. 
0 r n (/ 1 V 5,  iS  o \v  h.  Silurian: 
Dudley,  England.  (\  T. 
(•raaritt's,  Iticht.  Silurian 
concretirui  ; Thuringia.  A 
smaller  individual  contained 
within  the  larger  (after 
Novak). 
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a blunt  median  heel.  Surface  smooth  or  ivitli  fine  transverse  striae,  rarely  longitudinally 
striated  or  ribbed.  Aperture  completely  closed,  by  an  operculum,  the  latter  being  semi- 
circular, triangular,  or  lentiform,  with  lateral  nucleus,  and  concentrically  striated. 
Cambrian  to  Permian. 


The  shells  belonging  here  are  of  large  size,  and  composed  of  calcium  carbonate. 
The  posterior  portion  is  often  divided  off  by 
transverse  septa. 

According  to  Holm,  the  typical  genus  Hyolithes, 

EichAvald  {Theca,  Sowb.  ; Pugiunculus,  Barr),  (Fig. 

1024),  is  divisible  into  two  sub-genera.  One  of 
these,  Orthotheca,  Novak,  contains  forms  with  an 
abruptly  truncated  anterior  end  ; and  in  the 
other,  Hyolithes,  s.  str.,  the  margin  of  the  flattened 
side  projects  somewhat  above  the  opposite  wall. 

The  forms  known  as  Cleidotheca,  Centrotheca, 

Salter  ; Gamerotheca,  Diplotheca,  Matthew  ; Pliarc- 
trella,  Hall ; Ceratotheca  and  Bactrotheca,  Noviik, 
fall  within  the  synonomy  of  Hyolithes.  This 
genus  is  abundantly  distributed  in  the  Cambrian, 

Ordovician,  and  Silurian  of  North  America,  Great 
Britain,  Sweden,  Russia, 
and  Bohemia ; it 
sparingly  also  in  the  De 


Fig.  1024. 


A,  B,  Hyolithes  elegans,  Barr.  Ordovician  ; 
occurs  (Etage  D) ; Lodenice,  Bolieinia.  SlighUy 
reduced.  C,  H.  maxinuts,  Barr.  Cambrian 
(fitage  C) ; Mleschitz,  Bohemia.  Anterior 
vonian,  Carboniferous,  and  portion  restored,  with  operculum ; viewed 
T,  . from  tlie  side,  V-i.  D,  Operculum  (after 

Permian.  Barrande). 

Pterotheca,  Salter; 

Phragmotheca,  Barrande.  Silurian.  Mattheivia,  lYalcott. 
Cambrian. 

Family  4.  Conulariidae.  Walcott. 

Shell  rectilinear,  inversely  conical,  rect- 
angular to  rhombic  in  cross-section,  v:ith 
usually  sharp  edges,  acute  or  truncated  pos- 
teriorly. Each  of  the  transversely  striated  or 
ribbed,  lateral  faces  divided,  into  longitudinal 
halves  by  a,  superficial  groove,  corresponding 
internally  to  a.  median  ridge.  Posterior 
portion  of  the  shell  divided  off  by  septa. 
Aperture  constricted,  by  four  triangular  or 
linguiform  incurved  lobes  of  the  anterior 
mcergin.  Ordovician  to  Jura. 

Comdaria,  Mill.  (Figs.  1025,  1026). 

Tills,  the  solitary  genus,  sometimes  attains 
a length  of  20  cm.,  and  is  represented  by 
about  100  species.  Its  maximum  distribu- 
tion occurs  in  the  Ordovician  and  Silurian 
of  Bohemia,  Normandy,  England,  Sweden,  and  North  America,  and  in  the  Devonian 
of  North  America  and  Bolivia.  It  is  rare  in  the  Carboniferous  and  Permian,  and 
the  last  surviving  species  occurs  in  the  Trias  and  Lias. 


Fig.  1025. 

Conularia anomala,  Barr. 
Ordovician  (Etage  D); 
Drabov,  Bohemia. 


Fig.  1026. 

Comdaria  quadrisid- 
cata,  Sowb.  Upper 
Carboniferous  Lime- 
stone ; Glasgow,  Scot- 
land. Showing  well- 
preserved  apertural 
margins  (after  Ethe- 
ridge). 
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Order  2.  PULMONATA.  Cuvier.  Air-breathing  Snails.^ 

Entlnjneum  in  uiiich  the  gill  cavity  is  transformed  into  a lung  fur  hreathing  free  air. 
Mainly  terre.strial  cyr  frcsh-vxiter  forms. 

A few  Pulmonate.s  liave  reverted  to  exclu.?ively  ac^uatic  liabits,  and  have  the  lung 
Idled  witli  water  ; and  in  a few,  secondary  gills  are  develojied  in  the  cavity.  These, 
howe\-er,  are  rare  exce])tions.  The  great  majority  of  fofins  breathe  air  Ijy  means  of  a 
network  of  blood-ves-sels  spread  upon  the  inner  surface  of  tlie  lung.  The  ordinary 
aquatic  forms  come  to  the  surface  of  tlie  water  at  intervals  to  renew  their  supjily  of 
air.  Tliey  have,  with  few  exception.s,  no  operculum,  and  the  shell  is  often  vestigeal  or 
absent. 

Next  to  tlie  I’rosobranchs  the  Pulmonates  are  the  large.st  group  of  (iastrojiods, 
there  being  upwards  of  0000  living  and  700  fossil  .species  known.  The  nio.^t 
important  and  highly  diver.sitied  genera  {Helix,  Balimus,  Clausilia)  are  terrestrial  in 
habit  ; certain  others  (Planorhis,  Lirnnaea,  Physa)  are  confined  to  fresh  water.  The 
oldest  Pulmonates  are  of  rare  occurrimce  in  the  Devonian  and  Carboniferous  ; they 
are  found  sparingly  in  the  Jura  and  Cretaceou.s,  are  of  greater  abundance  in  the 
Tertiary,  but  do  not  attain  their  maximum  distribution  until  the  present  geological 
period. 

The  Thalassnphila  emA  Av.riculidae  are  restricted  to  marine  deposits;  remaining 
Pulmonates  are  rarely  found  outside  of  fresh-water  strata,  and  are  commonly  associated 
with  other  fresh-water  organisms  that  have  been  swept  liy  rainfall  or  running  water 
into  swamps  or  estuarie.s. 


Sub-Order  A.  THALASSOPHILA.  Gray. 


Hhell  either  spiral  and  operculate,  or  Imd-shuped  to  depiressed  conical,  vdthout  s-pire, 
and  somewhat  nnsyrnrnetrical.  Animal  usually  provided  with  a single  gill  in  addition 
to  the  lung  cavity.  Tentacles  f used  with  the  discoidal  head.  Eyes  se.ssile. 


The  Thalussophila  inhabit  the  littoral  zone  of  the  ocean  and  brackish  estuaries.  P'ossil 
remains  occur  from  the  Devonian  onward.  Three  families  are  recogni.sed — Siphonari- 

idae,  Gadiniidae,  and  Am- 
phiholidae ; but  these  are 
not  readily  distinguisliahle 
by  shell  charactei-s  alone. 

Hiphonaria,  Dlainville 
(P'ig.  1027).  Shell  usually 
radially  rihbed.  Apex 
directed  backwards  or  to- 
ward theleft side ; internally 
with  two  unequal  muscular 
Fic.  102S.  ini])ressions,  which  are  in- 

IlcrnimU"  hnUemira,  Barr.  Dt>-  tcmipted  Oil  the  right  side 
Siphonnrif  n-assicostala,  Dssli.  voiiiiin  (fttage  F) : l.oelikow,  fVont  bv  a broad  tirOOVe. 
Kocviic ; Anvers,  near  Paris.  Bolieinia.  ® 

Tertiary  and  Recent. 

Hcrcynella,  Kayser  (Fig.  1028).  Devonian.  Anisomyon,  Meek  and  Hayden.  Jura 
and  Cretaceous. 

Va.lencienne.sia,  Rous.seau  .Shell  very  thin,  broadly  bowl-shaped,  concentrically 
ribbed.  A]>ex  situated  near  the  jiosterior  margin.  Right  .side  bearing  a broad 


’ Sn mtberfjer,  F.,  Land-  and  Sii.sswasser-C'onchylien  der  Vorwelt.  1870-75. 
117/ Pc,  C.  vl.,  Review  of  American  non-marine  Mollu.sca. 

Trt/vn,  U.  IF.  and  Pilshry,  //.  .1.,  Manual  of  Conchology,  Pulmonatu. 
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plication  for  the  respiratory  tube.  Found  in  brackish  water,  Congerian  Stage  (Pliocene), 
of  Hungary,  Roumania,  and  Soutli  Russia. 

Williamia,  Monts. ; Gadinia,  Gray.  Recent  and  Pliocene. 

Amphihola,  Schum.  Shell  spirally  globose,  thick,  rugose,  and  operculate.  Recent. 
This  is  placed  in  a separate  family,  Amphibolidae. 


Sub- Order  B.  BASOMMATOPHORA.  A.  Schmidt. 


Shell  invariably  present.  Eyes  situated  at  the  base  of  a pair  of  tentacles, 
or  living  in  the  vicinity  of  ivater. 


Aquatic, 


Family  1.  Auriculidae.  Blainville. 

Shell  thicJc,  ovate.  Spire  short,  body  whorl  very  large.  Inner  lip  or  columella  bear- 
ing plications.  Shore  forms  or  inhabitants  of  salt  marshes.  Jura  to  Recent. 


(Fig.  1029). 


Elongate-oval, 


with  ep)ideriiiis.  Aperture  narrow. 


Fig.  1029. 

Auricula  Duiein 
phi,  Desh.  Lower 
Eocene ; Sainceux 
(after  Desliayes). 


Fig.  1030. 

AUxiapisoHna,  Desli. 
Miocene  ; Pontlevoy, 
Touraine.  -h. 


Fig.  1031. 

Pythiopsis  La- 
marcM",  Desh.  sp. 
Eocene  ; Houdan 
(after  Desliayes). 


Fig.  1032. 

Ca  rycli  i um  a n tiijun  m . 
A.  Braun.  Miocene  ; 
HochUeim,  near 
Mayence.  Enlarged. 


Auricula,  Lam 
rounded  an- 
teriorly. Inner 
lip  bearing  two 
or  three  folds  ; 
outer  lip  thick- 
ened, some- 
times denticu- 
lated. Jura  to 
Recent. 

Cassidula, 

F er.  ; Pleco- 
trema,  Adams  ; 

Alexia,  Leach  (Fig.  1030);  Pythiopsis,  Sandb.  (Fig.  1031);  Melampus,  Montf. 

Gccrychium-,  Miill.  (Fig.  1032).  Shell  small,  smooth,  and  glossy.  Inner  lip 
bearing  one  or  two  folds  ; outer  margin  thickened,  sometimes  with 
a tooth.  Jura  to  Recent. 

Scarabus,  Montf.  (Polijodonta,  Fischer  and  lYaldh.) ; Leuconia, 
Gray  ; Blauneria,  Shiittleworth,  etc.  Tertiary  and  Recent. 


Family  2.  Cliiiinidae.  Dali. 

Shell  oval,  auriculate,  loith  large  aperture,  the  columellar  margin 
provided  with  spiral  folds;  surface  coloured  in  various  patterns. 
Tertiary  and  Recent. 

Chilina,  Gray.  This  is  said  to  be  Streptoneiirous.  The  denti- 
tion resembles  that  of  Physa.  Miocene  and  Recent ; South 
America. 

Family  3.  Physidae.  Dali. 

Shell  sinistral,  oval,  glossy,  unicoloured.  Aperture  large ; 
columella  twisted  or  simple.  Jura  to  Recent. 

Physa,  Drap.  (Fig.  1033).  Shell  resembling  Limnaea,  but 
sinistral.  LTpper  Jura  to  Recent. 


Fig.  1033. 

Physa  gigantea, 
Michaud.  Lower 
Eocene;  Rilly,  near 
Rlieims. 


Family  4. 

Shell  thin,  turreted,  or  discoidal. 
ally  abundant  in  the  Tertiary. 


Limnaeidae.  Keferstein. 

Fresh-vjater  inhabitants.  Lias  to  Recent ; especi- 
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Limnaca,  Lam.  {Limnaeus,  auct),  (Fig.  1034).  Shell  so  thin  as  to  he  translucent. 
Body  vhorl  very  large  ; s])ire  acute,  and  moderately  high.  Aperture  wide,  oval ; outer 

margin  sharp.  Upper  Jura 
fPurbeck)  to  Recent ; maximum 
in  Tertiary. 

Flanorbis,  tluettard  (Figs. 
1035,  103G).  Discoidal  (excej)- 
tionally  turreted),  with  many 
whorls.  Aperture  oval  to 
crescent -sliai>ed  ; outer  margin 
sharp.  Lias  to  Recent ; very 
profuse  in  the  Tertiary.  F. 
multiformis,  Broun  S2>.,  from  the 
Mim-  Middle  Miocene  of  Steinheim  in 
‘Wurtemherg,  is  jiarticularly  in- 
teresting on  account  of  its  extraordinary  variability.  The  different  mutations  of  the 
sjiecies  are  usually  found  at  different  horizons  of  the  fresh-water  limestone  occurring 


Fui.  1034. 

Liin  iw.eiif!  p(irh}ignstc)\ 
Tlioiii.  Fresli  - water 
Miocene : Morsiugeii, 

near  Ulni. 


Fig,  103o. 

PlanorhU  cornu,  Frongt.  var. 
tcUi,  Danker.  Ujiper  Miocene; 
(lingen,  Wilrtemberg. 


Mft  «- 


Fig. 

Planorhis  niuUifunnis,  JJronn  sp.  Upper  ^Miocene  fresli • water  limestone;  .Steinlndni,  near  Ueidenlieim, 
Wurteinberg.  A,  var.  suprciiw.  J‘>,  var.  trocldfonnis.  C,  var.  clajans.  1).  var.  stciniicimeatiis. 

there,  and  constitute,  according  to  Hilgendorf  and  Hyatt,  a remarkable  genealogical 
se(|uence. 

Isidora,  Ehr.  Shell  similar  to  that  of  Fhijsa.  Recent ; trojjical  countrie.s. 


Family  5.  Ancylidae. 

Hhdl  limpet-shawled,  conical,  not  spiral,  or  icith  the  apex  recurved.  Tertiary  and 
Recent. 

Ancjilus,  Geoffrey  (Fig.  1037).  Shell  simply  conic  or  with  the  apex  slightly 
incurved.  Tertiary  and  Recent. 

Gundluchiu,  Pfeiff.  An  accessory  sliell  at  the  ajjex  of  the  i)rin- 
ciiial  one.  Teiliary  of  ^Mayence  Basin  and  Recent. 

Sub  Order  C.  TELETREMATA.  Pilsbry. 

Shell  ahsent ; mantle  coveriiuj  the  v'hole  upper  surface  of  the  body.  fig.  io37. 

yiale  and  female  ori  fices  icidely  sepaiated , limy  oyifxce  and  anus  Ancyius DutcMi^lei, 

ventral  and  near  the  tail.  Calcaire 

Grossier;  Boursault. 

Several  families  of  this  sub-order  are  recogni-sed  {Vayinulidae, 

Rathouisiidae,  Onchidiidae),  but  owing  to  the  absence  of  a .shell,  their  remains  are  not 
2)reservable  in  the  fossil  state. 


Sub-Order  D.  STYLOMMATOPHORA.  A.  Schmidt.  Land  Snails. 

Eyes  borne  on  the  extremities  of  two  peduncles,  which  are  capable  of  invayination ; 
a pair  of  .diort  tentacles,  rarely  obsolete,  are  wdaced  in  front  of  them.  Male  and  female 
yenital  orijices  contiyuous,  or  unitiny  in  a common  vestibule,  situated  at  the  riyht  or 
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left  side  of  the  head.  Buccal  retractors  present ; lang  foramen  and  anus  anterior  to  end 
of  foot,  not  ventral. 

This  sub-order  comprises  most  recent  and  all  fossil  land  snails,  and  is  divisible 
into  series  or  siiperfamily  groups.  The  families  proper  are  based  almost  wholly  upon 
characters  of  the  soft  anatomy,  which  are  herein  largely  omitted  or  abridged. 


Superfamily  1.  HOLOPODA.  Pilshry. 

No  longit  udinal  grooves  above  the  margins  of  the  foot ; jaio  present,  teeth  quadrate. 

Family  1.  Helicidae.  Keferstein.  Helices. 

Shell  depressed,  globose,  or  oval  and  elevated.  Tertiary  and  Recent. 

This  comprises  an  enormous  assemblage  in  the  recent  fauna,  but  most  of  the  genera 
have  not  as  yet  been  found  fossil.  All  the  typical  forms  will  probably  in  time  be 
traced  back  to  the  Eocene.  Sub-family  and  generic  characters  are  based  largely  ujjon 
the  genital  system,  and  hence  are  of 
little  practical  importance  to  the 
palaeontologist. 

Polygyra,  Say. 
pressed,  with  the 
toothed.  Miocene 
America. 

Sagda,  Beck, 
close  whorls,  the 
internal  laminae 


Globose  or  de- 
lip reflected,  often 
to  Recent ; North 


Glossy,  with  maiiy 
last  usually  with 
and  a sharjJ  lip. 


Fig.  103S. 

.4,  Dimorphopti/chia  Avnouhli,  Michaud.  Lower  Eooene  ; 
Rilly,  near  Rheims.  R,  Helix  {Campijlaea)  inflexa,  Klein. 
Upper  Pliocene  ; Mdrsiiigen.  C,  JIdicodonta  oscidtimj 
Thom.  Lower  Miocene  ; Hochheim,  near  Wiesbaden. 


Oligocene  to  Recent ; Antilles. 

Pleurodonte,  Fisch.  de  Wald.  Solid,  large,  depres.sed,  and  generally  keeled  ; aperture 
often  toothed.  Oligocene  to  Recent ; Antilles,  Florida. 

Helix,  Linn.  (Fig.  1038,  A,  B).  Shell  semi-globose,  conical  to  discoidal,  manifesting 
great  variability  of  form.  Aperture  oblique,  crescentic  or  rounded,  with  disconnected 
margins.  Very  profuse  in  the  Tertiary  and  Recent  of  Europe  and  adjacent  regions  of 
Asia  and  Africa. 

Helicodonta,  Fer.  (Fig.  1038,  C).  Similar  to  Helix,  but  with  thickened  or 
denticulated  lip.  Oligocene  to  Recent ; Europie. 

Other  allied  genera  occur  in  European  Tertiai'v  deposits.  Recent 
Helicidae  reproducing  by  extraordinarily  large  eggs  are  the  following  : — 
Helicophanta  of  Madagascar ; Acavus,  Ceylon ; Panda, 
Australia  ; Stropliocheilus,  South  America. 


Family 


Bulimulidae.  Fischer. 


Fig.  1030. 

A,  Clausilia  hulimoidcs,  A. 
Braun.  Lower  Miocene; 
Eckingen,  near  Ulm.  B,  C. 


Shell  elongated,  ovate,  with  narrow  umbilicus  or  none. 
Tertiary  and  Recent. 

Bulirnulus,  Leach.  Miocene  to  Recent ; America.  Ani- 
phidromus.  Alb.  Tertiary  ; Europe  and  Asia. 

Family  3.  Pupidae. 


Shell  smcdl,  cylindrical  or  oval,  ivith  narrow  whorls, 
antiqxia,  Scliiibler.  Same  m i td  ^ 

locality.  Tertiary  and  Recent. 

Clausilia,  Drap.  (Fig.  1039).  Shell  tiirreted  to  fusiform, 
slender,  sinistral.  Aperture  pyriform,  with  usually  continuous  peristome.  Inner  lip 
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Ijearing 


two  folds  ; outer 


-I,  J)c  nd  ropv  p(f  I'ctHstn, 
Dawson.  Coal  Measures ; 
Nova  Scotia  (after  Dawson). 
}{,  Pupa  divcrsidens,  Samlh. 
.Miocene  : Sansan,  Gers  (after 
Sandber^er). 


Fit..  1041. 

Pid i in  i n us  (Pctracu.-<) 
ronipJanatus,  Keuss. 
Dower  Miocene; 
Tliallin-icn,  near  Uini. 


IluIimiiiHs,  Elii'l).  (Fig.  1041j 


soinewliat  rettected ; the  aperture  usually  dosed 
by  a movable  calcareous  ])late.  Occui's 
sparingly  fo.ssil  from  the  Eocene  onward,  and 
repre.seuted  Iw  about  400  recent  species. 

Puixt,  Lam.  (Fig.  1040,  B).  Shell 
small,  cylindiical- ovate.  Aperture  semi- 
circular, usually  constricted  by  teeth  on 
the  columella  and  inner  and  outer  lip.s. 
The  outer  margin  reflected.  Tertiary  and 
Recent. 

Dendropupa,  Dawson  (Fig.  1040,  A). 
Like  the  last,  but  a])erture  u’ithout  teeth. 
Carboniferous;  Nova  Scotia. 

Vertigo,  Midler.  Tertiaiy  and  Recent, 
solid,  turreted.  Eocene  to  Recent. 


High  coni( 


Family  4.  Achatinidae. 


Ovate  or  elongate,  imperforate  .sheila,  with  the  colmnella  generullg  truncated  at 
hase.  U2)per  Cretaceous  to  Recent. 


Achatina,  Lam.  Recent  ; tropical  Africa. 

Stenogyra,  Shuttlew.  ; Bumina,  Riss(j ; Opeas,  Alb.;  Jihodeu, 
Adanrs.  The.se  are  all  small  membei-s  of  the  group,  mainly  Recent. 

Megasjiira,  Lea  (Fig.  1042).  Turreted,  slender,  very  long  ; 
columella  with  tran.sverse  folds.  Cpjier  Cretaceous  to  Recent. 

(Jionella,  Jelfreys ; Azeca,  Leach  ; (Jaecilianella,  Rourg.,  etc. 
Tertiary  and  Recent. 


the 


Superfamily  2.  AGNATHA.  Mdrch. 

Carnivorous  .snails,  usually  with  no  jaw,  thorn-shaped  teeth,  and 
without  furrows  above  the  foot-edges. 


Fui.  1042. 

Mrfia.sjtira  cxumln, 
Mich.  8j).  Lower 
Eocene  ; Hilly,  near 
Rheiins. 


Fid.  104.4. 

Tesfocrlla  Zrllii,  Kli*iii. 
MiocfiH*;  Andcltin^eii 
(after  Samlberi^er). 


Family  1.  Testacellidae.  Gray. 

Shell  .spiral,  of  very  small  size,  and  situated  near  the  tail  of  the 
vermiform  animal.  Tertiary  and  Recent. 

Testacclla,  Cuv.  (Fig.  1043).  Shell  auriform, 
borne  on  the  posterior  end  of  the  animal. 

Tertiary  and  Recent. 

Parmacellina,  Saiidb.  Eocene.  Daude- 
luirdiu,  llartm.  (Helicopheuxtu,  Fer.  ]>.p.). 

(,)uaternary  and  Recent. 

Family  2.  Glandinidae. 

Shell  oval  or  ohlong,  capuhle  of  containing  the  entire  animal. 

Cretaceous  to  Recent. 

Glandina,  Schuni.  (Fig.  1044).  Shell  elongate-oval,  with  high 
spire.  Aperture  notched  in  front  ; columella  truncated.  Copper 
Cretaceous  to  Recent.  Other  recent  allied  genera  inhabit  the 
American  tropic.?. 


FII!.  1044. 

Gla  lulina  in  flat  (t, 
Iteu.ss.  .Miocene ; Kicli- 
elberg,  near  Ulni. 
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Superfamily  3.  AULACOPODA.  Pilsbry. 

Foot  ivith  longitudinal  grooves  above  ami  parallel  with  its  lateraJ,  margins. 


Family  1.  Zonitidae. 


Aulacopoda  with  a spiral,  conic,  or  helicoid  shell,  sometimes  partialbj  uncoiled, 
usualhj  smooth  and  with,  simple  lip;  marginal  teeth  of  the  rad  ala  thorn-lilce ; foot 
margin  ivide ; jaiv  rather  smooth.  Carboniferous  (?)  to  Eecent. 

Vitrina,  Drap.  Sliell  small,  translucent,  Avitli  short  spire,  and  very  large  body 
ndiorl.  Tertiary  and  Recent. 

Archaeozonites,  Sandb.  (Fig.  1045).  Thick-shelled,  globose,  with  rather  high  spire, 
deeply  umbilicate  ; outer  margin  sliarp.  Oligocene  and  IMiocene.  Here  also  should 


Fig.  1045. 


Fig.  lOlii. 


Fig.  1047. 


Archaeozonites  suhvcrticiUus,  Hyalina  Oenudata, 

Saiiclb.  Lower  Miocene;  Eenss  eji.  Jtiocene ; 

Eckingen,  near  Uliii.  Tuchoritz,  Bohemia. 


Lychnns  Malhcroni,  Requiem 
Upper  Cretaceous  (Garumniai.) ; 
Rogiiac,  Provence. 


be  placed,  perhaps,  the  archaic  ife?Fc-shaped  snails  from  the  Coal  Measures  of  Xova 
Scotia. 


Zonites,  Montf.  Like  the  last,  but  with  thinner  shell,  granulated  above,  and 
smooth  beloiv.  Tertiary  and  Recent. 

Hyalina,  Fer.  (Fig.  1046)  ; Omphalosarjda,  Sandb.  ; Ariophanta,  Desm. ; Trocho- 
morpha,  Albers.  Tertiary  and  Eecent. 

Lychnus,  Montf.  (Fig.  1047).  Body  whorl  large,  bent  upward  at  first,  and  later 
decurved,  so  that  the  margins  of  the  aperture  lie  in  the  basal  plane.  Tapper  Cre- 
taceous of  Provence  and  Spain. 


Familjr  2.  Limacidae.  Lamarck. 

Naked  slugs  having  a small  vestigeal  shell,  flat  and  non-spiral,  concealed  icithin  the 
• mantle,  which  latter  forms  a small  oval  shield  on  the  forepart  of  the  body.  Foot  margin 
‘ narroiv ; dentition  and  javo  as  in  the  Zonitidae.  Tertiaiy  and  Recent. 

The  principal  genera  are  Lirnax,  Linn.,  in  which  the  intestine  has  four  longi- 
tudinal folds,  and  the  back  is  keeled  at  the  tail  only  ; and  Amalia,  !Mocp-Tand.,  with 
‘ spiral  gut  and  strongly  keeled  back.  Their  small  scale-like  sliells  have  been  found 
in  the  Tertiary  and  Pleistocene  ; present  distribution  nearly  world-wide. 


Family  3.  Endodontidae.  Pilsbry. 

Shell  spiral  and  external,  varying  from  cylindric  to  helicoid  and  planorhoid,  usually 
rib-sculptured  and  with  opapue  colouring;  lip  thin,  unexpanded.  Jaw  of  separate  or 
united  imbricating  plates,  or  solid  and  striated;  marginal  teeth  squarish;  genitalia 
' viithout  accessory  organs.  Carboniferous  to  Eecent. 

^ VOL.  I 2 K 
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Pumiinuc.  Jav  of  muiieious  separate  plates;  shell  iiiiiuite.  Includes  the 
Holarctic  genera  Functum,  !Morse,  and  S^jhijradimv,  Charji.,  and  the  New  Zealand 
genus  Laorna,  (4ray.  Recent. 

Emlodontinae.  Jaw-]>lates  united  more  or  less  completely.  Genera:  Fjiramidula, 
Fitz.  Giscoidal  or  low  conic,  with  tuhular  ribhed  whorls  and  open  uniliilicus.  Car- 
boniferous to  Recent.  This  is  one  of  the  most  ancient  land  Mollusks  known,  and  is 
the  oldest  Helicoid  form.  Fha.-iis,  Arnphidoxa,  FlammuUna,  and  Endodonta,  All).,  are 
similar  austral  forms,  but  are  only  known  Recent. 

Family  4.  Arionidae. 

<S7)(f/s  havnuj  the  shell  reduced  to  a flat  plate  or  a feiv  granules,  nearly  or  entirely 
concealed,  or  absent.  ^Fantle  in  the  funn  of  a shield  on  anterior  part  of  the  body ; teeth 
of  the  quadrate  type.  Recent. 

This  lamilv  is  probably  derived  from  the  E ndodontidae  by  degeneration  of  the 
shell.  Anon,  her.,  and  Anadenu.s,  Heyn.,  are  leading  genera  of  Europe  and  A.sia  ; 
Arioliiuax,  ilbrch.,  and  Frophysaon,  Bland,  tho.se  of  North  America. 


Family  .").  Philomycidae. 

Slugs  somewhat  similar  to  Anonidue,  but  the  mantle  covers  the  entire  upper  surface 
of  the  body.  A shell  is  completely  absent ; hence  no  fossil  forms  are  Jrnown. 


Superfamily  4.  ELASMOGNATHA.  Mdrch. 

.Taw  with  a strong  squarish,  'process  of  attachment  above. 


Fic.  104S. 


Familv  1.  Succineidae. 


Shell  thin,  orate,  consisting  of  feu:  whorl.s. 

Sureinea,  I’feifl'er  (Fig.  1048).  Shell  tliin,  ovate,  amber-coloured. 


Sneri  ncti  jtengri  na, 

Saiidb.  Lo\v»*r  Mio- 

cfiie  : luciioritz,  translucent,  with  short  si)ire,  and  large  body  whorl.  Outer  margin 

BoJioniia.  \ ' o I o 

ot  aperture  sharp.  Tertiary  aial  Keceiit  ; alaindant  in  tlie  Loess. 


Range  and  Distribution  of  the  Gastropoda. 

Of  all  classe.s  of  IMolliisks,  the  Gastropods  exliibit  the  most  manifold 
variety.  Beginning  in  the  Cambrian,  they  actpiire  a very  gradual  increase 
and  distribution,  and  are  at  }>resent  enjoying  their  maximum  vigour.  There 
exist  ])iobably  over  20,000  recent  species,  about  three-fifths  of  Avhich  have 
gills,  the  remainder  being  air-breathers. 

^Vt  the  base  of  the  Cambrian  (Olenellus  zone)  are  found  such  archaic 
genera  as  Sceuclht,  Stcuolhecj.i , Flatijceras,  llhajthisloma,  I'leurotomaria,  and  a 
number  of  doubtful  Bteropod-like  forms  {IhjoUthcs,  JlyoUfhellus,  SaltereUa,  Torel- 
lelJa,  etc.),  which  evince  the  great  antifpiity  of  the  Aspidobranchs  and  forms 
resembling  the  CapuUdae.  In  the  later  Cand)rian  the  Iihipidoglossa  (represented 
by  the  Plenrotoniariidae,  EuoinphaUdac,  and  BeUerophoutidae)  predominate;  and 
associated  with  these  are  certain  I’teropod  remains,  members  of  the  CapuUdae, 
and  a few  genera  probably  referable  to  the  TarUnidae.  A notable  genus 
occurring  here  is  Suhuliles,  which  bears  some  resemblance  to  the  Fijrainidellidae, 
and  exhibits  a distinct  channelling  at  the  base  of  the  columella. 

C nfortunately  the  poorly  })reserved  remains  of  Cambrian  Gastropods  afford 
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but  scanty  information  regarding  the  disposition  of  the  soft  parts ; neverthe- 
less, there  are  good,  although  purely  theoretical  reasons  for  supposing  that 
the  Rliipidoglossa  and  Ctenobranchs  were  formerly  not  so  widely  separated  as 
at  present. 

During  the  Ordovician  and  Silurian,  Gastropods  increased  perceptibly  in 
the  number  of  species,  and  a few  new  families  were  initiated  (Scalariidue, 
Purpurinidae,  Trochidae,  Xenophoridae) ; but  the  faunal  aspect  remained  on 
the  whole  much  the  same  as  in  the  Cambrian,  and  no  essential  changes  were 
introduced  during  the  remainder  of  the  Palaeozoic.  Accordingly,  the  Palaeo- 
zoic Gastropod  fauna  may  be  said  to  be  characterised  by  its  general  simplicity, 
being  made  up  principally  of  so  - called  Pteropods,  Pihipidoglossa,  a few 
Docoglossa  and  Opisthobranchs,  and  also  a scattering  representation  of  Cteno- 
branchs {Capididae,  Pgramidellidae,  Littorinidae). 

During  the  Jura-Trias,  the  large,  thick-shelled  varieties  of  Pteropod-like 
Mollusks  became  extinct.  But,  on  the  other  hand,  various  families  of  the 
I Pihipidoglossa  reached  the  acme  of  their  development  {Pleurofomariidae,  Tur- 
' hinidae,  Neritopsidae,  Neritidae) ; and  among  the  Ctenobranchs,  the  families 
Pgramidellidae,  Nerineidae,  Purpmrinidae,  Turritellidae,  and  Aporrhaidae  multi- 
plied in  a great  variety  of  forms. 

The  Cretaceous  witnessed  a decided  increase  among  the  siphonostomous 
Ctenobranchs,  and  in  the  Tertiary  this  branch  asserted  itself  as  the  dominant 
type  of  Gastropods,  surpassing  all  other  families  in  point  of  numbers,  and 
gradually  acquiring  the  aspect  of  living  genera  and  species.  The  Nerineidae, 
Pgramidellidae,  ami  Aporrhaidae,  which  played  such  a prominent  role  along 
with  the  PJd'pidoglossa  during  the  Mesozoic  era,  became  in  jxxrt  extinct  in  the 
Tertiary,  and  the  remainder  entered  upon  their  decline.  The  great  majority 
of  Eocene  and  Oligocene  genera  are  still  living,  but  the  species  have  almost 
without  exception  become  extinct.  During  the  Miocene,  a few  species  made 
their  appearance  which  are  still  in  existence,  and  of  the  Pliocene  species, 
between  80  and  90  per  cent  are  represented  in  the  recent  fauna. 

The  geological  history  of  the  Pidmonata  is  remarkable.  Thalassophilous 
' Sigohonariidae  are  first  met  with  in  the  Devonian,  where  they  are  very  sparse. 

Land  snails  {Arclbaeozonites,  Pgramidula,  Dendropupa)  rvere  initiated  in  still 
I smaller  numbers  during  the  Carboniferous  ; but  not  until  the  boundary  between 
I the  Jura  and  Cretaceous  is  reached  do  we  find  any  traces  of  fresh-water  snails. 

I AYe  meet  them  first  in  the  Purbeck.  In  the  AA'ealden,  and  Cretaceous  gener- 

j ally,  both  land  and  fresh-water  Gastropods  are  quite  abundant ; they  became 
i highly  developed  and  widely  distributed  during  the  Tertiary,  attaining,  in  fact, 
, a differentiation  nearly  equal  to  that  exhibited  by  the  corresponding  recent 
f forms.  , 

The  successive  approximations  to  present  conditions  among  Gastropod 
I faunas  have  not  been  confined  to  the  production  of  forms  simulating  more  and 
more  those  now  living ; they  include  also  the  gradual  demarcation  of  existing 
geographical  provinces.  Mesozoic  Gastropods  are  too  dissimilar  in  their 
general  characters  to  admit  of  a close  comparison  with  modern  faunas  ; but  as 
early  as  the  Eocene  resemblances  to  modern  forms  are  observable,  and  a certain 
correspondence  is  to  be  noted  with  Gastropods  now  inhabiting  somewhat 
warmer  zones. 

The  Eocene  faunas  of  Europe,  North  America,  Asia,  and  Northern  Africa 
' share  a great  many  species  in  common,  and  have  numerous  others  which  are 
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TABLE  SHOWING  THE  VERTICAL  RANGE  OF  THE  GASTROPODA. 


Families. 

1 

Silurian. 

c 

•/. 

0 

1 

1 

V. 

, 

rr. 

c; 

b 

r 

1.  Streptoneura 
OllDEK  1.  AsI’IDOKUANCIIIA 

A.  iJocogJossa  . 

B.  oism 
1.  Haliotidiie 

'1.  rieui'otomariidae  . 

3.  Ijellw'opliontidae 

4.  Fissurellidae  . 

5.  Euom]iliaUdae 

6.  Stomatiidae  . 

7.  Tui'biiiidae 

8.  Phasianelliilae 

9.  Delpliiimli<lae 

10.  Troclioneiiiatidac  . 

11.  Trochidae 

12.  Uiiiboiiiidacj  . 

13.  Xeiito[)sidac  . 

11.  Neritidae 

Ol'.DEU  2.  Cl'lCNOBIlAXCHIA 

. llctcropoflu  . 
u.  riiitifpodd 

1.  Enliniidae 

2.  ryianiidellidae 

3.  Scalai'iidae 

4.  .Solariidac 

.1.  I’mimiinidae  . 
tj.  Littoriiiidae  . 

7.  Cyclostoniidae 

5.  Capididae 
9.  Xaticidae 

' 10.  Xeiioj>lioi'idat' 

11.  Ani|iullariidac; 

12.  Valvatidae 

13.  Viviparidae  . 

14.  Ainiiicolidac  . 

15.  Kissoidae 

It).  Tui'iitcdlidac  . 

17.  Vcimetidae 

18.  Caeeidac 

19.  ilelaiuidae 

20.  Xeriueidae 

21.  Cerithiidae 

22.  Aponhaidae  . 

23.  Stronibidae 

24.  Columbellinidae 

! 

1 

— 

— 

1 

V 
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Families. 

Cambrian. 

Ordovician. 

’Ji 

5 

c 

Carbunilerous. 

o 

t- 

Trias. 

v; 

3 

p 

5 

'■3 

5 

3 

25.  Cypraeidae 

26.  Ovulidae 

27.  Cassididae 

28.  Doliidae 

29.  Tritonidae 

30.  ColiimbelliJae 

31.  Bucciiiidae 

32.  Muricidae 

33.  Pni'puridae 

34.  Fusidae  . 

35.  Turbinellidae  . 

36.  Volutidae 
87.  Harpidae 

38.  Olividae . 

39.  Cancellariidae 

40.  Pleurotomidae 

41.  Conidae  . 

2.  Euthyneura 

Order  1.  Opisthobraxchia 

A.  Tectibranchiata 

1.  Actaeonidae  . 

2.  Ringieulidae  . 

3.  Akeratidae 

4.  Hydatiiiidae  . 

5.  Bullidae 

6.  Tomatinidae  . 

7.  Scaphaiidridae 

8.  Pliilinidae 

9.  Unibraculidae.  . | 

B.  Ptcropoda 

1.  Limacinidae  . 

2.  Cavoliniidae  . 

C.  Conularicla 

1.  Tentacnlitidae 

2.  Torellellidae  . 

3.  Hyolitliidae  . 

4.  Conulariidae  . 

Order  2.  Pulmoxata 

A.  Thalassopliila 

B.  Basommcdophora 

1.  Aui'iculidae  . 

2.  Chilinidae 

3.  Pliysidae 

4.  Limnaeidae  . 

5.  Alloy lidae 

C.  Tcletretnata 

D.  Btylommatophora 

1 

, 

— 

— 

“ 

1 

1 

■ — ■ 

— ■ 

1 
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vicarious.  A very  difi’ereut  aspect  is  jiresented  liy  the  Eocene  fnuna  of 
Australia,  New  Zealand,  and  South  America,  ■where  ■we  find  the  evident  fore- 
runners of  forms  now  inhabiting  the  southern  portions  of  the  Atlantic  and 
Pacific  Oceans. 

Still  more  intimate  is  the  relationship  existing  between  the  fossil  land  and 
fresh-water  Gastropods  and  their  descendants  on  the  several  continents.  It 
has  been  observed  that  Miocene  faunas  bear  a decidedly  tropical  stamj).  On 
this  account  European  and  American  forms  from  the  iidand  Miocene  deposits 
bear  some  resemblance  to  the  recent  faunas  of  the  Azores  and  the  "West 
Indies,  as  well  as  to  the  land  and  fresh-water  Gastropods  inhabiting  the  colder 
latitudes  of  Europe  and  Asia.  Gnly  as  recently  as  the  Pliocene  did  each 
geographical  province  come  to  assume  its  present  distinctive  features. 

In  general,  the  stratigraphic  serpience  of  Gastrojiod  groups  corresponds 
closely  with  the  zoological  order,  the  most  generalised  forms  ajipearing  first, 
the  more  specialised  later.  Ileginning  with  the  two-gilled  llhijiidoglossa  and 
the  ]JocogIossa,  followed  by  the  single-gilled  JiJiipidoglossa,  Opisthobranchs,  and 
taenioglossate  Ctenobranchs,  the  series  leads  to  llachiglossa  in  the  later  Mesozoic, 
and  culminates  in  the  great  increase  of  rachiglossate  and  toxoglossate  families 
in  Tertiary  and  liecent  times. ^ (See  taldes,  pp.  500,  501.) 


Class  5.  CEPHALOPODA.^ 

Head  sharpig  defined  in  recent  forms,  except  Xuutilus.  Foot  transformed  into  a 

[(  Grateful  acknowleilgment.s  .are  due  to  Professor  Henry  A.  Pilsbry,  of  tbe  Pbilailelpliia  Academy 
of  Natural  Seiences,  lor  his  revision  of  the  ])receding  G.astropod  chaider.  The  dillieulty  of 
adajiting  a strictly  zoological  classitication,  based  largely  upon  the  .anatomy  of  the  soft  jiarts,  to  the 
jiractical  needs  ot  the  j)alaeontologist,  is  strikingly  illustr.ated  by  the  cha.ss  of  Gastropods.  A 
revolutionary,  or  even  extreme  course  has  been  avoided  ; and  it  is  hoped  that  the  system  herein 
ado]ited  will  be  foninl  to  pos.se.ss  some  practical  advantages. — Tit.vxs.] 
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Surv.  C'anaila,  1865. — JHainviUe.  II.  M.  de.  Mi  nioire  snr  les  Belemnites.  P.aris,  1827. — lilot.e, 

J.  I..  Mono'graph  ot  tbe  British  Fossil  Ceph.alopod.a.  P.art  I.  London,  1882. — lionnrcUi,  Cl.,  Osser- 
v.azioid  sul  Toarciano  d'  Aleniano  (Boll.  Soc.  Geol.  Itali.ama,  vol.  XII.  p.  195).  1893. — IWanco,  IF., 
Beitnige  zur  Kntwickelungsgeschichte  der  fossilen  Ceplnalojioden  (Pahaeontogr.,  B<1.  XXVL,  XXVIL), 
1880-81. — Ilniw/t.  A.  I‘„  On  the  Young  of  Bacnlites  conipressus  (Proc.  Acad.  X’at.  Sei.  Philaih, 
1891,  ]i.  159),  1892. — Ilurh,  /,.  von,  Ueber  Goni.atiten,  Clynienien,  Ceratiten,  etc.  (Abhandl.  Berlin. 
Akad..  1830,  p.  159  ; 1838,  ji.  149  ; 1848,  p.  1). — Ijnchinun,  S.  S.,  Monogr.aph  of  the  Inferior  Oolite 
Ammonites  (Pahaeont.  Soc.).  1887-96. 

(Anim'dn.  M..  Sui  fossili  del  Lias  inferiore  nelF  Appenino  centrale  (Atti  Soc.  Toscano,  vol.  IV.  , 
p.  141),  1879. — La  tanna  degli  strati  con  Aspidoceras  acanthicnm  di  Monte  Serra  (Pahaeont.  Italica, 
vol.  II.  p.  25),  1897. — Clarke,  ,J.  ,1/..  The  Protoconch  of  Orthoceras  (Anier.  Geol.,  vol.  XII.  j).  112), 
1893. — Nanno.  a new  Cephalopodan  type  [ihid.  XIV.  p.  205),  1894. — 'I'he  Lower  Silurian  Cephalo- 
poda of  ^Minnesota  (Geol.  Minn.,  vol.  HI.  Part  II..  Pahaeont.,  p.  760),  1897. — (Jonnal,  T.  A.,  Obser- 
vations on  the  Silurian  and  Devonian  Systeni.s,  etc.  (Jonrn.  Acad.  Xhat.  Sci.  Philad.,  vol.  VIII.  ! 
p.  228),  1839  - 42.  — Observations  on  Becent  and  Fossil  Shells  (Amer.  Jonrn.  Conch.,  vol.  II.  j 
p.  104),  1866. — IleHlonrichnmps.  E.,  Memoire  .sur  les  Teudopsides  (Mem.  Soc.  Linn.  Korni.andie, 
vol.  V . p.  68).  1835. — Itiencr,  C..  Triadische  Cephalopodenfaunen  der  ostsibirischen  Kiistenprovinz  i 
(Mem.  Com.  Geol.  St.  Petersb.,  vol.  XIV.  X'o.  3),  1895. — iKmtilU..  II.,  Sur  quelques  I'ossiles  de  la  ) 
zone  a Ammonites  Sowerbyi  (Bull.  Soc.  Geol.  France  [3],  vol.  XIII.  p.  12),  1884-85. — Sur  la  cla.ssi- 
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I funnel  - shaped  muscAdar  swimming -organ  ; 'mouth  provided  with  jaws  and  radula. 


fioation  des  Ceratites  de  la  Craie  {ibid.  XVIII.  p.  275),  1890. — T>v:ight,  IT.  71.,  E,ecent  E.xplorations 
in  the  WapiDiuger  V.alley  Limestone  (Amer.  Journ.  Sci.  [-3],  vol.  XXVII.  p.  249),  1884. 

Foot'd,  A.  H„  Catalogue  of  the  Fossil  Cephalopoda  in  the  British  Museum,  Part  I.,  1888  ; 
II.,  1891  ; III.  (Foord  and  Crick),  1897.— Erec/i,  F.,  Lethaea  Geognostica,  I.  Theil.  Lethaea  Palaeo- 
zoica,  Bd.  II.  Lief.  1.  Stuttgart,  1897. — Fucitii,  *1.,  La  fauna  del  Lias  medio  del  Monte  Calvi 
(Palaeont.  Italica,  vol.  II.  p.  203),  1897. — Gahb,  IF.  J/.,  and  Meek,  F.  B.,  Geol.  Surv.  California. 
Palaeontology,  vols.  L,  II.,  1864-69.  — Geinmellaro,  G.  G„  La  fauna  del  calcari  con  Fusulina. 
Palermo,  1887-89. — Gray,  J.  ^-1.,  List  of  the  Genera  of  Recent  Mollusca  (Proc.  Zool.  Soc.  London, 
vol.  XV.  p.  129),  1847.  — Griesbach,  C.  L..  Palaeontological  Notes  on  the  Lower  Trias  of  the 
i Himalaj’as  (Records  Geol.  Surv.  India,  vols.  XIII.,  XIV.).  1880-81. — Grossonvre,  G.,  Les  Ammonites 

I de  la  Craie  sui5erieure  de  la  France  (Explic.  Carte  Geol.  France),  1893. — Giimbel,  C.  II'.,  Ueber  die 

, baierischen  Alpen  (Verhandl.  Geol.  Reichsanst.  Wien.  Bd.  XII.  p.  257),  1861-62. — Revision  der 
Goniatiten  des  Fichtelgebirges  (Neues  Jahrb. , p.  284),  1862. — Ueber  Clynienieu  in  den  Uebergangs- 
gebilden  des  Fichtelgebirges  (Palaeontogr.,  Bd.  XI.  p.  85),  1863-64. — Jltdl,  ,/.,  Palaeontology  of 
New  York,  vols.  I.-IIL,  V.  Albany,  1847-79. — Haver,  F.  v.,  Die  Cephalopoden  des  Salzkammer- 
gutes  und  des  Muschelmarmors.  Wien,  1846.  — Neue  Cephalopoden  von  Ilallstadt  und  Aussee 
(Haidinger’s  Wissen.  Abhandl.,  Bd.  I.  p.  257  : III.  p.  1),  1847-50. — Beiti’iige  zur  Kenntiiiss  der 
’ Cephalopodenfauna  der  Hallstiidter  Schichten  (Denkschr.  Akad.  Wissensch.  Wien,  Bd.  IX.  p.  141), 

I 1855.  Nachtriige,  Sitzungsber.,  Bd.  XLI.  p.  113,  1860. — Choristoceras,  etc.  {ibid.  Bd.  LII.  p.  654), 

: 1866.  — Die  Cephalopoden  des  bosnischen  Muschelkalkes  (Denkschr.  Akad.  ‘Wissensch.  Wien. 

I Bd.  LIV.  p.  1 ; LIX.  p.  251)  ; 1888-92. — llavg,  E.,  Beitriige  zu  einer  Monographie  der  Amnioniten- 

' Gattung  Harpocera.s  (Neues  Jahrb.  Beilage,  Bil.  III.  p.  585),  1885. — Ueber  die  Polymorphidae,  etc. 

{ibid.  Bd.  II.  p.  89),  1887. — Holm,  G.,  Ueber  die  innere  Organisation  einiger  silurischer  Cephalo- 
poden (Palaeont.  Abhandl.  Dames  und  Kayser,  Bd.  III.  p.  1),  1885. — Tvenne  Gyroceras-formigt 
ij  biijda  Endoceras-Arter  (Geol.  Furen.  Stockholm  Furhandk,  Bd.  XIV.  Hefte  2,  3),  1892. — Om  de 
einlosifonala  bildningarna  hos  familien  Endoceratidae  {ibid.  XVII.  Heft  6),  1895. — Om  apikalamleii 
hos  Eudoceras  {ibid.  Bd.  XVIII.  p.  394  ; XIX.  p.  171),  1896-97. — Holzapfel,  E.,  Die  Cephalopoden- 
ftihrenden  Kalke  des  unteren  Carbon  (Palaeont.  Abhandl.  Dames  und  Kayser.  Bd.  V.  Heft  1),  1889. 
— Huxley,  T.  H.,  Structure  of  Belemnites  (Memoirs  Geol.  Surv.  United  Kingdom,  Monogr.  II.),  1864. 
— Hyatt,  A.,  The  Fossil  Cephalopods  of  the  Museum  of  Comparative  Zoology  (Bull.  M.  C.  Z.,  vol.  I. 
I p.  71),  1868. — Remarks  on  Agassiceras  and  Oxynoticeras  (Proc.  Boston  Soc.  Nat.  Hist.,  vol.  XVII. 

j p.  236),  1875. — The  Jurassic  and  Cretaceous  Ammonites  collected  in  South  America  {ibid.  XVII. 

! p.  365),  1875. — Genera  of  Fossil  Cephalopods  {ibid.  XXII.  p.  253),  1884. — The  Genesis  of  the 

I Arietidae  (Smithson.  Miscell.  Collect.,  No.  673,  and  Memoirs  M.  C.  Z.,  vol.  XVL),  1889. — Carbon- 

I iferous  Cephalopoda  (I.,  2nd  Ann.  Rep.  Geol.  Surv.  Texas,  1890  ; II.,  4th  Ann.  Rep.  1892). — Phylo- 

J geny  of  an  Acquired  Characteristic  (Proc.  Amer.  Philos.  Soc.,  vol.  XXXII.,  No.  143),  1894. — Remarks 

J on  the  Genus  Nanno  (Amer.  Geol.,  vol.  XVL  p.  1),  1895. 

Kargntisky,  G.,  Ueber  die  Ammoueen  der  Artinsk-Stufe,  etc.  (Mem.  Acad.  Sci.  Imp.  St.  Petersb. 
j [7],  vol.  XXXVIL,  No.  2),  1889. — Kilian,  IF.,  Sur  quelques  fossiles  du  Crctaoe  inferieur  de  la 
Provence  (Bull.  Soc.  Geol.,  France,  vol.  XIII.  jj.  663),  1888. — Kotiinck,  L.  G.  de,  Faune  du  calcaire 
' carbonifere  de  la  Belgique,  Part  II.,  Cephalopodes  (Ann.  Mus.  Nat.  Hist.  Bruxelles,  vol.  V.),  1880. 
— Kossmad,  F.,  Untersuchungen  iiber  die  stidindische  Kreidefoimation  (Beitr.  Oesterreicli-Ungarns 
und  Orients,  Mojs.  und  Neumayr,  vol.  IX.  Hefte  3,  4),  1895. — Laube,  O.  C.,  and  Bruder,  G.,  Am- 
; moniten  der  bohmischen  Kreide  (Palaeontogr.,  Bd.  XXXIII.  p.  217),  1887. — Liiidstrom,  G.,  Asco- 
ceratidae  and  Lituitidae  of  the  Upper  Silurian  Formation  of  Gotland  (K.  Svensk.  Vetensk.  Akad. 
Handling.,  Bd.  XXIII.  Heft  2),  1889. — Mautell,  O.  -1.,  Observations  on  some  Belemnites,  etc. 
(Philos.  Trans.  1848,  p.  171  ; 1850,  p.  393). — Marcou,  J.,  Geology  of  North  America.  Zurich, 
1858. — Matlieron,  P.,  Reoherches  paleontologiques  dans  le  midi  de  la  France.  Marseille,  1879-81. 
— Mayer,  C.,  Liste  des  Belemnites  des  terrains  juras.siques,  etc.  (Journ.  de  Conchyliol.  [3],  vol.  XL 
' p.  181),  1863. — Meek,  F.  B.,  Report  on  the  Invertebrate  Cretaceous  and  Tertiary  Fossils  of  the 
Upper  Missouri  Country  (U.  S.  Geol.  Surv.  Territ.,  vol.  IX.),  1876. — Palaeontology  (U.  S.  Geol. 
Exploration  40th  Parallel  Surv.,  vol.  IV.  Part  L,  with  notes  on  Ammonites  by  A.  Hj'att),  1877. 
— Meek,  F.  B.,  and  Hayden,  F.  F.,  Palaeontology  of  the  Pepper  Missouri  (Smithsonian  Coutrib. 
7 Know!.,  vol.  XIV.,  No.  172),  1865. — Meneghini,  G.,  Monographie  des  fossiles  du  calcaire  rouge 
ammonitique  (Lias  superieur)  de  Lombardie  (Palaeont.  Lombarde).  Milan,  1867-81. — Miller,  S. 
; ^1.,  North  American  Geology  and  Palaeontology,  1889. — Appendices  1892-97. — Mojsisovics,  E.  r., 

? Das  Gebirge  um  Hallstadt.  (Abhandl.  Geol.  Reichsanst.  Wien,  Bd.  VI.  p.  83),  1873-75  ; Part  II., 

r ibid.,  1893. — Die  Cephalopoden  der  mediterriinen  Triasprovinz  {ibid.  Bd.  X.),  1882. — Ueber  einige 

I arktische  Triasmammouiten  des  nordlichen  Sibirien  (I\Iem.  Acad.  Imp.  Sci.  St.  Petersb.  [7],  vol. 

\ XXXVI.,  No.  5),  1888. — Beitriige  zur  Kenntniss  der  obertriadischen  Cephalopoden -Faunen  des 

I Himalaya  (Denkschr.  Akad.  Wissensch.  ‘Wien,  Bd.  LXIII.  p.  575),  1896. — Mimster,  G.  von,  Beitriige 

S zur  Petrefactenkunde,  l.-VIII.,  1839-46. — Ueber  die  Clynienieu  und  Goniatiten  im  Ueberganskalk 

>(  des  Fichtelgebirges.  Bayreuth,  1843. 

Feumayr,  21.,  Jurastudien  (Jahrb.  Geol.  Reichsanst.  Wien,  Bd.  XXL  p.  297),  1871. — Die 
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Sexes  separate.  Sensor y organs  hirjhhj  developed.  A circle  of  fl<^shg  arms  or  ten- 

Cephalopo.len-Fauna  der  Oolitlie  von  Balin  bei  Krabau  (Abliandl.  Geol.  Rcidisanst.  Wien,  Bd.  V. 
p.  19),  1871-/3. — Die  Fauna  der  SehiLditen  nnt  Aspidoeeras  acantlucuni,  etc.  (Verliandl.  Geol. 
Keichsanst.  Wien,  p.  29),  1874. — Ueber  Kreideanimoniten  (Sitzungsber.  Akad.  W’issenseli.  W’ien, 

Bil.  LXXI.  p.  639),  1875  ; .also  in  Zeitschr.  .leutseli.  geol.  Ge.sellscli.,  Bd.  XXVII.  p.  854.  1875.— 
Ueber  nnverndttelt  aultretende  C'eplialoi/odentypen  ini  .Jura  Mittel-Europa’.s  (.Jalirb.  Geol.  Ueichs- 
iinst.  Wien,  Bd.  XX\  III.  p.  37),  1^78.  — Zur  Kenntniss  der  Fauna  lies  nntersten  Lias  in  den 
Nord.alpen  (Abhandl.  Geol.  Eeiclisanst.  Wien,  Bd.  VII.  Helt  5),  1874-82.  — Aei/w/rn//-,  M..  and 
Uhlin,  r.,  Ueber  Aininonitiden  aus  den  Hilsbildungen  Xorddeutselilands  (Palaeontogr.,  Bd.  XXVIl. 
p.  129)^,  1881.— A//’A7e.v,  y,'..  Contributions  a la  paleontologie  du  Snd-Est  de  I'Ksp.agne  (Mem.  Soe. 
(reol.  Ir.ance,  No.  4.  1890),  1894. — Stkitin,  S.  7\'.,  Der  Jura  der  Uingegend  von  Elatina  (Nouv. 
Mem.  Soc.  Imp.  Moscou,  vol.  XI\  . p.  83  ; X\  . p.  41),  1879-89. — Allgemeine  geologi.selie  Karte  von 
Itu.ssl.and,  Blatt  56  (Mem.  Com.  Geol.  St.  Petersb.,  vol.  I.,  No.  2),  1884. — Die  Cephalo])odenfauna 
der  Jur.abildungen  des  Gouvernements  Ko.stroma  (Verliandl.  Iln.ss.  Mineral.  Gesell.seh.  [2],  vol.  XX. 
p.  13),  1885.— Ao(y/'f//.r/,  l'\,  Cambrisclie  und  silurisclie  Geseliiebe  Ost-  und  West-Pren.ssens  (Jalirb. 
preuss.  geol.  Landesan.st.  uinl  Bergsakad.),  1882.  — Beitr.ag  zur  Kenntniss  der  Ceidialopoden  des 
Provinz  O.st-Preussens  (ihhl.  1883  ; also  Zeitselir.  deiitscb.  geol.  Gesellscli.,  Bd.  XXXIV.  p.  156), 
1882. — Fauna  of  Neoeomi.aii  Belemnite  Beds  (Palaeont.  Iiidica,  Ser.  XVI.,  1.,  Parts  2,  3),  1897.— 
Oppcl,  -1..  Palaeoiitologische  Mittlieilungen  aus  ileni  Museum  des  baieriselien  Sta.ate.s.  Stuttgart, 
1860-65. — (klh-hiijai/.  .1.,  Paleontologie  Franeaise,  Terrain  Cretaee.  I.  C'eplialopodes,  1840  ; Terrain 
Jura.ssique,  Cepbalopo/les,  1852. — Prodrome  de  Paleontologie  Stratigraiilii/jue.  Paris,  1850-53. — 
1‘nruiia,  C.  /.,  Nuove  osservazioni  sopra  la  launa  con  Posodonomya  alpima,  etc.  (Palaeontogr.  Italiea, 
vol.  I.  p.  1),  1896.— Fossili  albiani  d’Escragnolles,  del  Nizzardo,  etc.  ii.  |).  53).  1897.— 

l‘hiUips,  Illu.strations  of  the  Geology  of  Yorkshire,  P.art  II.  Lomlon,  1836.— Figures  ami  De- 
.scriptions  of  the  Palaeozoic  Fossils  of  Cormvall.  Devon,  etc.  Lomlon,  1841.— /•’by tJ,  F.  ./.,  Traite 
lie  Paleontologie.  Paris,  1853-57. — Ficfet,  F.  ./.,  and  Campichc,  O'.,  Descri])tion  des  fossiles  du 
terrain  cretaee  des  en^'irous  de  St.  Croix.  Geiiev.a,  1858-72. — Pomj^rckf,  /•’.,  Beitriige  zu  einer 

Revision  der  Ammoniten  des  schwiibischen  Jnra,  Lief.  1.,  II.  Stuttgart,  18it3-96. — Ueber  Am- 
monoideeii  mit  •‘anormaler”  Wohnkammer  (Jahre.shefte  Vaterl.  N.aturk.  Wiirttemb.,  p.  220),  1894. 

— Ammoniten  des  Rlhit  (Neues  Jalirb.,  Bd.  11.  p.  1),  1895. 

(jHenstah.  F.  J.,  Ueber  die  vorziiglichsten  Kennzeiehen  der  Nautileen  (Neues  .lahrb.,  p.  252), 
1840. — Petrefactenkumle  Deutscblands,  I.  Ceph.alopoden.  Tubingen,  1849. — Der  Jura.  Tubingen^ 
1858.— Die  Ammoniten  des  .schwal/ischeii  Jura,  Bd.  I. -III.  Stuttgart,  1885-88.— yi’««t/e,  A.,  Zur 
Gattung  Pahaeonautilus  (Zeitselir.  deutseh.  geol.  Gesellscli..  Bd.  XXIII.  p.  1),  1881.— Stroniboliluites, 
eto^  (ibi(L  jij).  187,  478),  1881.  — Rei/nes,  P„  Monogi’aphie  des  Ammonites.  (Text  incomplete), 

— Faxnwr,  F.  /■.,  Lethaea  Geognostica.  I.  Lethaea  I’alaeontologica.  Stuttgart,  1880-83. — D.as 
rheinisehe  Uebergangsgebirge.  Hannover,  ISl-l. — Jliicl.'hult,  Baron  dr.  Notice  siir  les  genres  Nautilus, 

\ e.stinautilus,  etc.  Bnis.sels,  18.')2.  — S<i ndher<jcr,  O.,  Beobachtungeii  iiber  die  Organisation  der 
Goniatiten  (Jahrb.  Ver.  Naturk.  Nassau,  Bil.  VII.  p.  292),  1851.— ,sVi////5c,Y/in%  f.'.  and  F„  Die  Ver- 
steiiierungen  des  rheiniseheii  Schiehtensystems  in  Nassau.  W’ie.sbaden,  1850-55.  — Sr/ilnelcr,  C., 
Cephalopodeii  der  oberen  deiitscheii  Kreide  (Palaeontogr.,  Bd.  XXL  XXIV.).  1872-77. — Bchriider,  II., 

L ntersuchungen  iiber  siluri.sche  Cei'halopoden  (Palaeont.  Abhandl.  Dames  und  Kayser,  Bd.  V. 
Hett  4),  1891. — Sindh,  .1.  P..  Comparative  Study  of  Palaeontology  and  Phylogeiiy  (Jonrn.  Geol., 
vol.  5 .,  No.  n),  1897. — Marine  Fo.ssils  of  the  Coal  Measures  of  Arkansas  (Proc.  Amer.  Philos.  Soc., 
vol.  XXXV.,  No.  152),  1897. — The  Develojimeiit  of  Glv|ihioceras,  etc.  (Proc.  Calif.  Acad.  Sci.  [3], 
vol.  I.  p.  lOo),  1897. — Slemina nn,  O.,  Ueber  Tithon  uml  Kreide  in  den  )ieniani.schen  Anden  (Neues 
J.ahrb.,  Bd.  II,  p.  130),  1881.  — S/eininann,  ami  iJodrrfcin,  B.,  Elemente  der  Paliiontologie. 
Leipzic,  1890. — Stanton,  T.  H'.,  The  Colorado  Formation  (Bull.  U.  S.  Geol.  Surv.,  No.  106),  1893.  I 
■ — Stohc'.ka,  /•..  and  PAa nfont , II.  /■'.,  Fossil  Ce]ihalopoda  of  the  Cietaceous  Rocks  of  Southern 
India  (IMem.  Geol.  Surv.  India.  Palaeont.  Indica),  1861-6f).- — Suesn,  E.,  Ueber  Ammoniten  (Sitzungs- 
ber.  Ak.ad.  W issensch.  Wien,  Bd.  LIl.  ]>.  71  ; L.XI.  p.  305).  1866-70.  — Tornijn  i.it,  .i .,  Die  degenerier- 
ten  Perisphinctiden  des  Kimmeridge  von  Le  Havre  (Abhandl.  Schweizer.  Pal.  (fe.sellsch.,  Bd.  XXIII. 

]).  1),  1896.— yV/pib/,  F.,  Fine  Muschelkalkfauna  am  Golfe  von  Ismid  in  Klcinasien  (Beitr.  Palaeont. 
Geol.  Oesterreich-Ung/irns  u.  Orients,  ,\lqjs.  und  Neum.ayr,  Bd.  X.  Heft  4),  1896. — FhVnj,  I’.,  Die 
Cephalopodenfauna  der  W ernsdorfer  Scidchten  (Deidcschr.  Ak.ail.  W’is.sensch.  W’ien,  Bd.  XLVI. 

127),  and  Sitzung.sber.  Bd.  L.\XX\  1.  p.  86.  1883. — Voltz,  P.  L.,  Observations  sur  les  Belopeltis 
on  lames  dorsales  des  Belemnites  (.Mem,  Soc.  Hist.  Nat.  Strasbourg,  vol.  III.),  1840  ; also  Bull.  Soc. 
Geol.  France,  vol.  XL  j).  40,  1839-40. — Waarjen,  II'.,  The  Jurassic  F.auna  of  Kutch,  vol.  I.  Cejihalo- 
poda  (Pahaeont.  Indica,  ser.  IX.),  1873-76. — Salt  Range  Fossils.  1.  Productus  Limestone  Fossils; 
Ce])halo]ioda  (dnd.  ser.  XIII.),  1879-88.  II.  Fo.ssils  from  the  Ceratite  Formation  {ihid.  ser.  XIII.),  ' 
1895. — II  (>7/ //(>,■.  Beitriige  zur  Kenntni.ss  der  tiefereii  Zonen  des  unteren  Lias  der  uordo.stlichen  j 
Alpen  (Beitr.  Palaeont.  Geol.' Oesterreich  - Ungarns  n.  Orients,  Mojs.  und  Neumayr,  Bd.  II.,  IX.), 
1882-95. — II  <"///«;•,  ,1.,  Fossile  Ueberreste  von  nackten  Tiiitenfischen  (Abhandl.  Bayer.  Akad. 

W issensch.,  Bd.  A III.),  1856-60. — White,  C.  ,1.,  Mesozoic  Fossils  (Bidl.  U.  S.  Geol.  Surv.,  No.  4),  j 
1884. — H7//toa'C.<,  J.  /•’.,  Mesozoic  Fossils,  vol.  1.  (Geol.  Surv.  Canada),  1876-79. — Palaeozoic 
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fades  surround  the  mouth,  and  serve  as  j^rehensile  and  locomotive  organs;  in  the 
Dihranchiates  they  are  armed  ivith  hooks  and  suckers} 


I The  Cephalopods  are  the  most  highly  organised,  and  include  some  of  the 
largest  of  all  the  MoUusca.  They  breathe  by  gills,  and  are  exclusively  marine. 
Their  nervous,  circulatory,  digestive,  and  reproductive  systems,  their  muscula- 
! ture,  and  sense  organs  all  exhiljit  remarkable  differentiation  as  compared  with 
j those  of  other  Mollusks.  A fleshy  mantle,  which  is  open  above,  encloses  the 
cavity  which  is  occupied  by  the  respiratory  organs  (the  gills),  and  it  also 
serves  as  a covering  for  the  reproductive,  alimentary,  and  secretory  systems, 
the  heart,  and  the  principal  blood-vessels.  A large  ganglionic  mass  (cerebral 
ganglion)  and  sub-oesophageal  ganglion  connected  by  commissures  are  placed 
around  the  oesophagus,  and  are  surrounded  by  a cai’tilaginous  enclosure  in  the 
Dihranchiates,  but  in  Nautilus  this  protects  only  the  sub-oesophageal  nerve 
I mass. 

Recent  CephalojDods  were  divided  by  Owen  into  two  groui')s — Tet rahranchiata 
and  Dibranchiafa.  The  former  is  represented  in  the  present  fauna  by  the 
[ solitary  genus  Ncmtilus,  but  the  latter  still  comprises  a A'ery  considerable  series 
S of  forms.  A host  of  fossil  Cephalopods  abounded  in  the  Palaeozoic  and  Meso- 
zoic seas.  The  two  largest  groups  of  these,  Ammonoidea  and  Belernnoidea,  do 
not  afford  any  certain  information  regarding  the  number  of  gills,  but  the  shells 
[ of  the  former  agree  essentially  with  those  of  Xautili,  while  those  of  Belemnites, 
j on  the  other  hand,  are  more  like  those  of  certain  Dihranchiates ; hence  it  is 
I advisable  to  associate  these  fossil  groups  with  the  corresponding  recent  sub- 
I classes. 

I Sub-Class  1.  TETRABRANCHIATA.  Owen.- 

li 


Cephalopods  with  four  gdum-like  gills,  and  externcd,  chambered  shells.  Amhula- 
torij  funnel  divided ; ink-bag  absent;  arms  represented  in  existing  Nautili  bg  lobes 


Fo.ssUs,  vol.  III.,  ibid.  1884-97. — Contributions  to  Canadian  Palaeontology,  vol.  I.,  1885-89. — De- 
scriptions of  Fossils  from  the  Devonian  of  Manitoba  (Trans.  Roy.  Soc.  Canada,  vol.  VIII.  sec.  4), 
1890. — Whitfield,  It.  P.,  Several  jiapers  in  Bull.  Amer.  Mus.  Xat.  Hist.,  especially  I.,  Xo.  8,  1886  ; 
II.,  Xo.  2,  1889  ; III.,  Xo.  1,  1890  ; IX.,  No.  2,  1897. — Republication  of  Hall's  Fossils,  etc.  [ibid. 
vol.  I.,  Part  II.),  1895. — Wright.  T.,  Monograph  on  the  Lias  Ammonites  (Palaeont.  Soc.),  1878-86. — 
WVirtenberger,  It.,  Studien  liber  die  Stammgeschichte  der  Ainmoniten  (Darwinistische  Schrifte,  Xo.  5). 
Leipzic,  1880. — Zittel,  K.  -1..  Cephalopoden  iler  Strauiberger  Schichten  (Palaeont.  Mittheil.  Museum 
Bayer.  Staates,  Bd.  II.),  1868. — Die  Fauna  der  iilteren  Tithonbildungen  (ibid.  Bd.  III.),  1870. — 
Handbuch  der  Palaeontologie,  Bd.  II.,  1881-85. 

^ Professor  A.  E.  Yerrill,  whose  knowledge  of  existing  Cephalopods  is  not  excelled  by  that  of 
any  other  malacologist,  has  kindly  furnished  the  following  and  some  other  notes  at  the  request  of 
Professor  Hyatt  : — 

“The  arms,  together  with  the  siphon  (ambulatory  funnel)  of  Ccqjhalopods,  must  be  considered 
t as  homologous  with  the  foot  of  other  2[oUusca.  The  large  nerves  supplying  these  organs  arise  from 

; the  pedal  ganglia.  In  the  early  larval  stages  the  arms  arise  as  bud-like,  paired  lateral  outgrowths  at 

j the  base  of  the  large  yolk-sac,  while  the  rudiments  of  the  siphon  (funnel)  arise  as  two  oblique  pairs 

I of  folds  situated  further  back.  The  anterior  pair  of  these  folds  eventually  unite  and  form  the 

I central  or  tubular  part  of  the  si])hon,  and  the  more  posterior  folds  form  the  lateral  or  valvular 

portions  of  the  same  organ.  The  rudimentary  arms  arise  posterior  to  the  mouth  on  the  ventral  and 
I lateral  sides  of  the  yolk-sac,  and  only  surround  the  buccal  region  at  a later  stage.  The,  yolk-sac 
j occupies  the  same  relative  position,  behind  the  mouth,  as  the  central  part  of  the  foot-area  of  ordinary 
I Gastropod  larvae  in  the  early  veliger  stages.  Therefore  the  arms  are  muscular,  lateral  outgrowths  of 
: this  same  foot-area.  The  two  lateral  rows  of  rudimentary  arms  are  widely  separated  at  first  by  the 

' yolk,  but  during  the  absorption  of  this,  they  rapidly  appiroach  each  other  and  converge  around  the 
I mouth.” 

- Owen,  R.,  Memoir  on  the  Pearly  Nautilus.  London,  1832. 
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and  numerous  tentades,  ichich  are  u-ithout  hooks  and  surkersd  Cambrian  to 
Kecent. 


Oiu  knoM  Ic'lye  of  tlie  soft  parts  of  the  Tetrabranchiates  is  liascd  entirely 
upon  the  single  existing  genus  Staufilus  (Fig.  1049).  The  animal  is  contained  in 
the  outermost  compartment  (living  chamber)  of  the  shell,  the  ventral  portions 
l)eing  on  the  external  side.  The  body  is  short  and  thick,  and  the  head 
sepaiated  from  the  remaining  portion.  Around  the  mouth  are  about  ninety 

external  filiform 
tentacles,  placed 
upon  the  edges  of 
loljos,  and  their  basal 
parts  when  con- 
tracted are  lodged 
in  fleshy  sockets  or 
sheaths.  The  jiair 
of  tentacles  on  the 
inner  or  dorsal  side 
are  fused  so  as  to 
f o r m a thicker 
muscular  lobe  or 
hood,  which  serves 
to  close  the  aperture 
of  the  shell  when 
the  animal  is  with- 
drawn into  the 
living  chamber.  On 
the  ventral  side  of 
the  head  and  ten- 
tacles, but  separated 

irom  tiiem,  is  a very  thick  muscular  leaf,  having  the  free  edges  external  and 
rolled  in  upon  themselves  (Fig.  1049,  d).  This  is  the  so-called  ambulatory 
funnel  of  authors  generally  (Iniponomc  of  Hyatt),  and  its  cavity  is  contracted 
anteriorly  and  dilated  jiosteriorly,  where  it  opens  into  the  branchial  chamber. 
It  serves  to  conduct  water  which  is  taken  by  suction  into,  and  then  violently 
exiielled  from  the  gill  cavity  of  the  mantle,  thus  driving  the  creature  back- 
ward by  the  force  of  reaction.  Kerr-  suggests  that  the  structure  of  the 
infolding  edges  of  the  hyponome  and  the  inuscular  character  of  this  organ 
would  enable  the  animal  to  unroll  and  flatten  it  out  so  as  to  be  available  for 
crawling.  It  is  supposed  to  be  homologous  with  the  foot  of  Gastropods, 
and  this  suggestion,  if  true,  would  show  that  it  had  not  entirely  lost  its 
normal  functions  in  ])rimitive  forms  of  Cejdialopoda,. 

On  either  side  of  the  head,  near  the  pair  of  lateral  tentacles,  is  placed  a 
large  eye  of  primitive  structure,  which  is  supported  on  a short  peduncle.  The 
mouth  is  in  the  centre  of  the  lobes  and  groups  of  tentacles,  the  tongue  is 
fleshy,  and  the  radula  armed  with  numerous  rows  of  plates  and  hooks.  The 
I’emarkably  powerful  jaws  (Figs.  1050,  1051)  are  largely  composed  of  a dark, 


Fli;.  llU'.r 

I. inn.  Recent;  linlian  ()cean. 

animal  cut  tlirmi"li  alone  the  nieilian  line,  e,  Manth' : h,  Dor.-ial  loin;  of  tin 
mantle  : e.  Hooil  ; ,1.  Ilyimnonie,  or  aml.nlatory  funnel  " ; r.  .Xidainental  K'land 
h.  Muscle  for  attachment  ; o.  Eye;  ,s,  Siphnncle;  t,  'J'entacle.s  ; ,/■. Septa  1 ehainbe 
(after  R.  Owen). 


Slndl  with  conUiined 
h,  llor.sal  IoIms  of  the 


' Professor  t errill  lioinologises  the  lohes  of  Aro'07p.s  with  the  arms  of  tlie  l)ihra.nchici.ta,  and 
tile  tentacles  witli  tlie  small  lateral  tentacles  that  fringe  the  arms  in  a number  of  deep-.sea  forms  be- 
longing to  that  sub-class. 

- A'c/v.  J.  (r..  Anatomy  of  Xautilus  porapilius  (Proc.  Zool.  Soc..  London,  )>p.  664-686),  1895. 
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horny  substance,  only  their  points  being  calcified.  Similar  calcified  beaks  are 
not  uncommon  in  IVIesozoic  terranes,  being  found  either  associated  with  Xauti- 
loid  shells  or  detached.  The  jaws  belonging  to  Temnocheilus  lidorsatus  from 


the  Trias  were  originally  described  under  the  name  of  BhynchoUfes  and 
Conchorhi/nchus  (Figs.  1052,  1053);  the  common  Jurassic  and  Cretaceous 
forms  are  known  as  Ehijnclwteuthis  (Fig.  1054)  and  Pakieofeufhis,  d’ijrbigny. 
The  long,  feather-like  gills  are  disposed  in  two  pairs  at  the  base  of  the 

^ hyponome,  and  between 

them  is  the  anus,  closely 
behind  which  is  placed 
the  single  or  double 
orifice  of  the  generative 
organs.  In  the  female 

O 

jj  there  is  found 
at  the  base  of 
the  gill  cavity 
a long,  tri- 
partite, nida- 


Fig.  1051. 


mental  gland. 


Fig.  1053. 

Temnocheilus  hidorsatus,  Scliloth. 
(=ConcliorJuinchus  avirostris,  Blaiuv.). 
Muschelkaliv ; Laineck,  near  Bayreuth. 
Lower  jaw  viewed  from  above. 


PJiynchoteutliis  Sahaudionus,  Piet,  and  Lor. 
Neocomian  ; Voiroiis,  France.  A,  Dorsal 
aspect,  showing  in  part  the  chitinous  lateral 
expainsioibs.  B,  The  calcareous  beak  seen 
from  below. 


which  fuses 
exter  n a 1 1 y 
w i t h the 
mantle. 

The  body  is  short,  sack-shaped,  rounded  posteriorly,  and  enveloped  by  the 
mantle.  The  base  of  the  latter  is  prolonged  at  a certain  point  into  a fleshy, 
hollow  cord  or  tube  (the  siphon),  which  passes  through  a rounded  aperture  in 
each  of  the  septa,  and  extends  as  far  as  the  inner  side  of  the  apex  in  the 
initial  chamber.  The  fastening  of  the  animal  within  the  living  chamber  is 
accomplished  by  two  oval  muscles  situated  on  either  side  near  the  base  of  the 
mantle.  These  muscles  are  attached  to  the  inner  wall  of  the  living  chamber, 
and  have  corresponding,  but  very  shallow  impressions.  They  are  connected 
both  dorsally  and  ventrally  by  a band  of  filires,  the  annulus,  which  also  leaves 
its  impression  upon  the  shell.  The  form  and  position  of  the  muscles  for 
attachment  and  the  annulus  are  sometimes  discernible  on  the  casts  of  fossil 
shells. 

The  shells  of  existing  Nautili  are  coiled  in  one  plane,  and  composed  of 


Fig.  1050. 

Upper  jaw  of  Xantibis  pompilius. 
.1,  Side  view.  L',  Inferior  asiiect.  i/i. 


Fig.  1051. 

Lower  jaw  of  XoMtih'S 
2)ompiUus,  side  view,  i/j. 


Fig.  1051. 

Temnocheilus  liidorsatus,  Scliloth.  ( = 
choUthes  hirundo,  Faure-Biyuet).  Jluscliel- 
kalk  ; Laineck,  near  Bayreuth.  A,  Upper 
jaw,  viewed  from  above.  B,  from  the  side. 
C,  from  below. 
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several  volutions,  the  outermost  of  which  either  envelopes  all  the  earlier  ones 
(^ai(filits  pompilius),  or  leaves  the  umlulicus  partly  open  {X.  urnhilicafus). 
With  the  exception  of  the  last  half  of  the  outer  volution,  which  is  occupied 
by  the  animal  as  a living  chamber,  the  shell  is  divided  up  into  numerous 
cavities  or  chambers  by  parallel  partitions  called  septa,  the  mesal  parts  of 
which  are  concave  toward  the  aperture  ■,  and  they  are  disposed  at  regular 
intervals.  The  compartments  thus  formed  are  said  by  different  authors  to 
be  tilled  with  air,  gaseous,  or  even  huid  matter,  and  all  are  traversed  by  the 
siphon.^ 

This  organ  has  dense  walls  and  is  probably  not  capable  of  any  extended 
movements  inside  of  the  surrounding  calcareous  j^itrts  Avhich  form  the  siph- 
uncle.  The  relation  of  the  siphuncle  to  the  septal  chambers  in  Xautiliis  has 
not  been  sufficiently  investigated  to  enable  one  to  state  distinctly  what  its 
functions  may  be.  The  whole  exterior  of  the  mantle  and  sij)hon  is  encased 
in  a cuticle  of  horny  matter,  the  remains  of  which  are  often  found  in  the 
living  chambers  and  siphuncles  of  fossil  forms  as  well.  The  shell  itself  is 
composed  of  two  layers,  an  internal  and  an  external.  The  outer  layer  is 
composed  of  imbricated  laminae,  is  porcellanous,  light-coloured,  and  super- 
ficially ornamented  ivith  red  or  brown  transverse  bands  ; the  inner  la}’er  is 
nacreous,  and  composed  of  thin,  parallel  laminae,  tvliich  are  crossed  l)"y  fine 
rectangular  lines.  The  septa  likewise  consist  of  a pearly  layer,  l)ut  are 
covered  over  like  the  inner  walls  of  the  chambers  with  a very  thin,  opaque, 
calcareous  film.  A large  number  of  fossil  shells  have  a sfructure  similar  to 
the  recent  t},aulilns.  These  are  divided  into  several  groups,  characterised  liy 
peculiarities  of  the  initial  chamber,  and  by  differences  in  tlie  suture  lines, 
siphuncles,  sculpturing,  and  form  of  the  aperture. 

Our  knowledge  of  the  life -history  of  the  Xaufilits  is  very  limited. 
Although  empty  shells  are  cast  ashore  in  great  quantities  in  the  Pacific  and 
Indian  Oceans,  the  animal  is  rarely  found  alive.  According  to  Pumphius,  the 
creature  swims  by  ejecting  water  through  the  hyponomc,  and  at  the  same  time 
holds  the  tentacles  expanded  horizontally,  and  the  head  jirotruded  as  far  as 
])Ossible;  but  Avhcii  creeping,  probably  the  head  a)id  tentacles  are  directed 
downward."  Ihe  shell  is  essentially  alike  in  both  cases.  However,  in 
Xdiifilns  poiDpiliiis,  AVilley  has  found  that  the  females  differ  in  having  flatter 
and  more  convergent  sides,  the  males  Ijeing  stouter  and  more  gibbous,  which 
is  exactly  contrary  to  the  prevalent  notions  vith  regard  to  sex  among  shell- 
bearing Gephabqiods.  The  shell  is  supposed  to  serve  as  a hydrostatic  apjiar- 
atus,  sinking  when  the  animal  Avithdraws  into  the  living  chamber,  but  sufti- 

’ These  coiiditinns  are  ilescribeMl  by  Professor  Verrill  in  the  following  note  : — “The  pericanlinin 
of  Sindi/iis  jxiiiipitiiis  eoTiimnnioates  directly  with  the  gill  cavity  by  special  pore.s,  which  are  close 
to  the  orifices  of  the  iiephriilia,  but  do  not  unite  directly  with  latter,  as  in  niost  MoNasca.  AVbiter 
can,  therelore.  pass  directly  into  the  pericanliiun  and  other  roeloinio  cavities.  The  cavity  of  the 
siphnncle  appe.ars  to  coninuiidcate  directly  with  the  ]iericardiuni,  and  lienee  with  the  gill  cavity  by 
means  of  the  sjiecial  jiores.  Thus  sea-water  can  readily  pass  into  or  out  from  the  chambers  of  the 
.shell,  to  equalise  jiressure  at  varying  dejiths,  as  in  most  marine  J/of/n.sci/.  The.se  chambers  are 
unquestionably  filled  with  fluid  under  normal  conditions.  But  living  as  the  animal  does  under 
jiressure  at  considerable  depths,  the  fluid  in  the  chambers  is  saturated  with  the  gases  in  solution. 
\\  hen  the  ^an/i/nK  is  rapidly  brought  to  the  surface,  some  of  the  gas  is  liberated  in  con.sequence  of 
dimini.shed  jiressure.  and  must  occupy  jiart  of  the  Sji.ace  within  the  chambers  by  forcing  out  some  of 
the  fluid.  Hence  the  shell  will  float  until  the  free  gases  within  the  chambers  are  absorbed  or 
otberwise  elimin.ated.  There  is  no  evidence  that  free  gases  .are  ever  naturally  present  in  the  living 
cdiambers  during  life.” 

- Jluiitjihiiis,  O.  E„  d’Amboinische  Rariteitkamer.  ji.  59.  Amsterdam.  1705. 
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I ciently  buoyant  to  float  itself  and  the  animal  when  the  head  and  tentacles  are 
s;  protruded  in  the  act  of  swimming.  Moseley  ^ confirms  the  observations  of 
Rumphius,  but  the  animal  he  studied  was  drawn  up  by  a dredge  rvhich  had 
i'  been  dragged  on  the  bottom  at  a depth  of  300  fathoms.  This  individual 
swam  in  the  manner  described,  but  was  not  able  to  sink;  and  this  was 
il  accounted  for  on  the  supposition  that  in  rising  from  the  l)ottom  the  sudden 
expansion  and  rarefication  of  the  contents  of  the  air-chambers  had  interfered 
! with  the  action  of  the  hydrostatic  apparatus. 

i|  Nothing  has  yet  been  ascertained  regarding  the  mode  of  reproduction 

'I  and  development  of  the  animal  in  Nautilus.  The  construction  of  the  shell 
in  this  genus,  however,  renders  it  probable  that  in  the  youngest  stage  a 
perishable  embryonal  shell  was  formed,  the  presence  of  which  is  indicated  by 
a scar  or  cicatrix  on  the  apex  of  the  initial  chamber.  Hyatt  describes  and 
figures  a more  or  less  wrinkled  lump  on  the  apex  of  several  species  of  the 
Orfhoceratidae,  which  he  regards  as  an  embryonal  shell  or  protoconch  ; and 
I : Clarke  also  figures  one  having  a nearly  perfect  form.  The  former  explains 

|j  the  absence  of  the  protoconch  in  most  genera  and  in  the  recent  Nautilus  by 

I : supposing  it  was  usually  membraneous  or  imperfectly  calcified,  and  hence 

! easily  destroyed. 

As  the  animal  continued  to  grow,  it  advanced  foiuvard  by  building  out 
G the  edges  of  the  aperture  and  secreted  new  septa  at  regular  intervals,  each 

! one  probably  corresponding  to  a period  of  repose.  A tubular  prolongation  of 

I the  base  of  the  mantle  was  formed  at  each  period  of  progress,  and  this 

I remained  behind  in  the  first  septal  chamber  and  excreted  the  calcareous 
I matter  that  built  the  last  segment  of  the  siphuncle.  Each  septum  bends 
■:  apically  into  a funnel  around  the  origin  of  the  siphon  at  the  base  of  the 

’ mantle,  and  this  is  continuous  with  a calcareous  but  more  loosely  constructed 

f and  very  porous  wall  that  prolongs  the  tulm  Imgun  by  the  funnel.  This 

i porous  wall  or  sheath  coats  the  funnel  on  its  external  surface  in  the  air- 

; chambers,  but  it  continues  alone  apically  beyond  -the  funnel,  and  is  inserted 
i into  the  spreading  trumpet-like  opening  of  the  next  preceding  funnel.  The 
• siphuncle  is  therefore  a segmented,  calcareous  tube  surrounding  the  siphon, 
! each  segment  crossing  only  one  septal  chamber  and  consisting  of  a funnel  and 
i its  connecting  sheath.^ 

In  Nautilus  the  margin  of  the  external  opening  or  aperture  is  sinuous,  the 
: concavities  being  the  sinuses,  the  outward  convexities  the  crests ; and  the 

single,  median,  concave  bend  on  the  venter  is  named  the  hi/ponornic  sinus, 
because  it  indicates  the  position  of  the  hyponome.  In  some  fossil  genera 
(Orthocems)  the  aperture  is  often  straight  or  simple  (Fig.  1062);  in  others 
the  lateral  margins  are  produced  in  the  form  of  ear-like  crests  or  lappets 
{Lituites,  Ophidioceras) ; and  in  some  forms  they  approximate  more  or  less, 
forming  contracted  apertures. 

The  closure  of  the  aperture  is  never  complete,  and  may  take  place  through 
the  inward  growth  of  the  lateral  margins,  as  in  Phragmoceras  (Fig.  1087), 
forming  a direct  dorso-ventral  slit,  or  from  the  venter  and  the  sides,  as  in 

^ Moseley,  H.  A.,  Narrative  of  the  Voyage  of  the  Challenger,  vol.  I.  p.  490. — Fischer,  P.,  Manuel 
de  Conchyliologie,  p.  473,  1880-87. — Willey,  .1.,  In  the  Home  of  the  Nautilus  (Natural  Science, 
vol.  VI.  p.  411),  1895. 

^ Brooks,  H.,  On  the  Structure  of  the  Siphon  and  Funnel  in  Nautilus  pompilius  (Proc.  Boston 
Soc.  Nat.  Hist.,  vol.  XXIII.  p.  380),  1888. — Appelof,  A.,  Die  Schalen  von  Sepia,  Spirula  und 
Nautilus  (Kon.  Svensk.  Vetensk.  Akad.  Handling.,  vol.  XXV.  No.  7),  1895. 
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Dunerifes  (Fig.  1084),  [)ro(lucing  ;i  T-shaped  opening;  or,  as  in  llercoccms 
(Fig.  1071),  it  may  occur  principally  from  the  dorsum  and  venter,  resulting  in 
a transverse  aperture.  The  dorsal  side  of  the  a])erture  is,  as  a rule,  occupied 
by  a crest,  known  as  the  dorsal  crest  (Figs.  lOGG,  1072,  108‘J).  The  position 
of  the  hyponome  is  indicated  by  the  large  single  opening  and  sinus  at  the 
termination  of  the  longer  median  slit  of  the  ai)erture  in  shells  with  contracted 
openings  that  obviously  had  this  organ  {riiratjmoceras,  Gomphuceras,  etc.) ; but 
in  others  like  llercoreras,  which  have  no  ventral  sinus  in  the  aperture,  the 
hyponome  was  probably  absent  or  non-functional.  The  sinus  in  the  lines  of 
growth,  however  (Fig.  1071),  show  that  this  organ  was  present  in  the  pre- 
ceding stages  of  development  before  the  contracted  apertures  were  formed. 

])r.  I’ompeckj  states  that  contracted  apertures  occur  only  in  the  senile 
stages  of  growth,  and  small  shells  having  this  peculiarity  must  be  regarded  as 
dwarfs.  This  is  certainly  true  of  many  species,  and  is  j)robably  also  the  case 
with  Ilercoceras  and  the  like.  T-shaped  apertures  often  show  several  accessory 
sinuses  and  crests  (Fig.  1085),  which  probably  indicate  the  number  of  their 
protrusible  arms  or  tentacles.  (Most  curved  forms  have  the  ventral  sinus  on 
the  arched  external  side  {exixiasi rk  shells),  but  some  have  it  on  the  concave 
internal  side,  as  in  Ph rapmoceras,  and  these  are  called  eiulogasfrk  shells.  The 
interior  wall  of  the  living  chamljer,  and  volutions  in  recent  and  fossil 
Xautiloids  (Fig.  1075),  are  normally  marked  with  fine  transverse  and  longi- 
tudinal lines.  In  the  recent  Xaufilits  a black  sujierficial  layer,  composed  in 
])art  of  organic  matter,  is  deposited  by  the  hood  immediately  in  front  of  the 
ai)erture  on  the  dorsum. 

The  internal  pa)’titions  or  septa,  which  divide  the  volutions  into  chamber.s, 
c’ary  exceedingly  in  number  among  dill'erent  s}>ecies  and  also  at  difl’erent  ages 
of  the  same  individual ; but  the}'  are  tolerably  constant  as  a rule,  within  the 
limits  of  one  and  the  same  sjmcies,  if  sjjecimens  of  the  same  age  are  compared. 
They  follow  one  another  in  regular  succession,  but  as  observed  by  Hyatt,  the 
intervals  are  relatively  greater  in  the  young,  more  constant  in  the  adult,  and 
then  markedly  deci’ease  in  the  oldest  stage  of  development.  Each  septal 
chamljer  {camera  of  Hyatt)  was  jjart  of  the  living  cluunber  until  it  was  cut  off 
by  a septum  and  left  empty  as  the  arumal  moved  forward.  Ferfectly  jjre- 
served  shells  may  have  the  living  chambei'  alone  tilled  up  with  stony  matrix, 
since  the  sediment  could  only  pass  into  the  iJreceding  chambers  through  the 
siphuncle,  or  as  a restdt  of  injury  to  the  walls  of  the  camerae.  Nevertlieless, 
these  last  are  seldom  entirely  empty,  their  interiors  being  frequently  lined 
with  crystals  of  infiltrated  calcite,  quartz,  celestine,  baryte,  ]>yrite,  or  with 
organic  exci'ctions.  Doidjle  se})ta  occur  in  some  forms  {^Ictiiwceras),  and  in 
others  the  camerae  are  sometimes  secondarily  partitioned  off  by  intermediate 
walls  or  ])seudo-sej)ta,  which  may  either  run  parallel  with  the  septa  proper,  or 
at  an  angle  with  them,  and  are  composed  of  two  readily  .sei>arable  calcareous 
lamellae.  The  (jrigin  of  these  pseudo-septa  has  Iteen  attributed  to  the 
calcification  of  regularly  arched  membranes  at  the  ])Osterior  end  of  the  body. 

The  line  of  junction  between  the  septa  and  inner  wall  of  the  shell  is  called 
the  snfiire.  This  is  invisible  externally,  except  when  the  .shell-substance  has 
been  broken  or  worn,  or  dissolved  away,  and  it  is  seen  most  clearly  on  natural 
casts.  The  sutures  of  Xautiloid  shells  follow,  as  a rule,  simple,  straight,  or 
slightly  undulating  lines.  These  undulations,  when  convex  toward  the  apex, 
are  termed  lohes,  and  the  reversed  or  orad  curves  are  the  saddles.  They  are 
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called  lateral  lohes  when  occurring  on  the  sides,  and  when  on  the  venter  or 
dorsum  are  termed  ventral  or  dorsal  lohes  and  saddles.  The  annular  lobe  is  a 
smmll  median  dorsal  lobe,  usually  pointed  and  occupying  the  centre  of  the 
main  dorsal  lobe.  It  is  supposed  to  have  had  some  relation  to  the  correspond- 
ing inflection  or  point  of  the  annular  muscle  among  the  Na  utiloidea.  In  more 
specialised  shells  it  is  associated  with  a conical  inflection  of  the  septum  itself. 
The  curves  are  undulatory  as  a rule,  but  in  some  genera  may  be  more  or  less 
angular. 

The  position  of  the  siphuncle  does  not  enable  one  to  determine  which  is 
the  ventral  and  which  the  dorsal  side  in  most  genera,  but  the  hyponomic  sinus 
in  the  aperture  and  the  curved  lines  of  growth  are  an  almost  unfailing  index 
of  the  ventral  side.  The  siphuncle  is  apt  to  change  its  position  in  the  same 
individual  at  different  stages  of  growth,  but  in  shells  of  the  same  age  it  is 
approximately  constant,  and  is  availalde  for  diagnostic  purposes  in  a number 
of  genera. 

The  siphuncle  is  variable  in  form  and  characteristics  among  Palaeozoic 
genera,  being  tubular  in  some  (Fig.  1061),  or  inflated  in  the  interseptal  spaces 
in  others,  in  such  manner  as  to  resemble  a string  of  beads,  or  swollen  discs 
which  are  separated  by  narrow  constrictions  (Fig.  1077).  When  of  consider- 
able width,  its  cavity  is  partly  filled  up  with  thin  calcareous  lamellae  (Fig. 
1088),  partly  with  the  calcareous  cones  immediately  to  be  described  (Fig. 
1056),  or  it  is  notably  reduced  by  excretions  around  the  interior  of  the 
funnels  forming  peculiar  annular  swellings  known  as  rings,  and  which  are 
generally  composed  of  calcareous  matter.  The  centre  of  the  siphuncle  in 
these  forms  is  usually  kept  open  more  or  less  perfectly  by  an  axial  tube 
termed  by  Zittel  the  lyrosiphon  {endosiphuncle  of  Hyatt),  which  will  be  con- 
sidered more  fully  in  the  descriptions  of  Endoceras  and  Actinoceras.  In 
Diphragmoceras  the  sij^huncle  is  septate  like  the  shell.  The  upper  parts  of 
these  large  siphuncles  were  more  or  less  unobstructed  near  the  living  chamber, 
and  this  jaart  (the  endoconal  or  siphuncular  chamber  of  Hyatt)  was  doubtless 
occupied  by  an  extension  of  the  mantle  cavity,  probably  containing  portions 
of  the  viscera. 

The  funnel  of  the  siphuncle  as  described  above  is  simple  in  structure,  and 
is  plainly  directed  towards  the  apex  in  all  Nautiloids,  with  the  exception  of 
Nothoceras  and  its  allies,  the  funnels  (?)  of  which  are  turned  in  the  opjsosite 
direction.  The  funnels,  as  a rule,  are  short  and  incomplete,  although  in 
the  early  stages  of  development  of  many  shells,  and  in  the  adult  stage  of 
primitive  forms  they  may  be  complete,  extending  from  one  septum  to  the  next 
folloAving  (Fig.  1056),  or  even  to  the  second  preceding  this  (Fig.  1055,  C). 
When  the  funnels  are  complete  they  are  always  contracted  apically,  and 
inserted  one  within  the  other.  The  siphuncle  in  most  Nautiloids,  as  in  the 
existing  Nautilus  (Fig.  1071),  is  apt  to  be  more  or  less  dilated  in  the  younger 
stages,  especially  in  the  second  and  first  air-chambers,  and  it  is  closed  at  the 
end  within  the  first  air-chamber  by  what  is  termed  the  caecum.  The  external 
shell  is  perforated  by  an  elongated  scar  or  cicatrix  (Fig.  1073),  closed  I)}'-  a 
j plate,  against  some  part  of  which  the  bottom  of  the  caecum  impinges  in  the 
I interior.  The  presence  of  the  cicatrix,  as  already  stated,  leads  to  the  inference 
[ that  a deciduous  embryonal  shell  or  protoconch  must  have  been  present.  The 
shell  on  the  apex  is  so  much  thinner  than  at  later  stages,  and  is  so  easily 
[ abraded  or  destroyed,  and  the  cicatrix  itself  in  consequence  so  slightly  marked 
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even  in  perfect  sliells,  that  good  examples  are  rarely  found,  and  when  met 
with  require  careful  preiraration  and  close  observation. 

In  some  Palaeozoic  Xautiloids  with  large  si])huncles  {Endoceras,  Adinoceras), 
the  apical  end  of  the  siphuncle  is  solid  and  dilated  to  form  the  nepionic  hull) 
(Hyatt),  and  this  sometimes  practically  fills  the  camerae,  and  besides  being 
very  large  in  a number  of  succeeding  chamljers.  The  endosiphuncle  expands 
near  the  apex  in  these  genera,  and  forms  a good-sized  conical  perforation  or 
cicatrix,  which  is  obviously  open  at  its  termination  {Adinoceras,  Xanno). 

Closely  coiled  shells  have  the  apical  part  bent  so  as  to  enclose  a vacant 
space  (the  uinUUml  perforation)  in  the  centre  of  the  whorls  (Fig.  1070). 
This  is  present  in  all  the  Nautiloidea  having  this  mode  of  growth,  although  in 
some  genera  it  is  very  minute.  The  Xautiloid  shell  is  invariably  cone-shaped, 
but  this  may  lie  straight  or  curved,  or  coiled  in  open  or  closed  spirals,  but  in 
rare  instances  it  is  even  screw-like,  or  similar  to  a Gastropod  shell.  Along 
with  perfectly  smooth  shells,  or  those  marked  oidi^  with  fine  growth-lines, 
which  in  some  rare  cases  may  retain  traces  of  their  original  coloration,  there 
are  others  with  external  transverse  ridges,  keels,  rows  of  tubercles  or  laminae  ; 
but  this  ornamentation  is  of  a simple  kind,  and  never  attains  the  degree  of 
complexity  observed  among  the  more  highly  ornamented  forms  of  Ammonoids. 

Classijicafiun. — Great  importance  has  always  l)cen  attrilmted  to  the  external 
configuration  and  curvature  of  the  shell  in  distinguishing  genera,  and  the 
principal  groups  usually  named  Odhoceras,  Ci/rfoceras,  Gproceras,  Xantihus,  etc., 
have  l)een  founded  upon  such  characters.  Parrande  emphasised  iu  addition 
the  shape  of  the  aperture,  direction  of  the  funnels,  and  structure  of  the 
siphuncle,  l)ut  considered  these  subordinate  in  most  cases  to  the  general 
form,  and  the  majority  of  writers  have  followed  his  examj)le.  Hyatt,  i 
however,  has  regarded  the  general  form  and  involution  of  the  shell  as  ■ 
relatively  minor  characters,  and  depends  upon  coincidence  of  structure,  i 
outlines  of  the  aperture,  and  es[)ecially  resemblances  in  developmental  I 
stagc.s,  as  surer  guides  to  the  affinities  of  the  species  and  chai'acteristics  of  I 
the  genera. 

^ . ...  i 

TcrininoJopij} — For  sake  of  convenience,  it  is  preferable  always  to  speak  of  1 
the  eml)ryonal  shell  as  the  protoronch,  and  the  later  or  epembryonic  stages  of  ; 
the  shell  as  the  ajneh,  the  term  “shell”  being  realh’’  ap2)lical>le  to  the  entire  i 
external  skeleton  incbisive  of  the  protoconch.  The  history  of  the  individual  | 
and  its  shell  can  l)e  divided  into  the  following  stages  and  sub-stages  : — The  ; 
cmhnjo  or  protoconch  ; the  nepionic  stage  or  infancy,  represented  liy  the  apical 
part  of  the  conch  ; neanic  stage  or  adolescent  part  of  the  more  mature  cone  ; 
ejdiehic  or  adult  stage  of  the  same  ; and  geronfic  or  senile  stage  with  ivhich  it 
terminates  in  a complete  example. 

All  of  these  stages  differ  materially  from  each  other  as  a rule,  and  it  is 
often  convenient  to  divide  them  into  sub-stages,  connoted  by  the  prefixes  ana-, 
mefa-,  and  para-.  Thus  the  nepionic  can  be  separated  into  ananepionic,  meta-  | 
nepionic,  and  paranepionic,  and  it  is  often  essential  to  treat  the  neanic  and  i 
gerontic  stages  in  the  same  manner.- 

* [The  following  terminology,  and  the  description.s  and  arrangement  of  the  groups  from  this 
point  onward  have  heeii  revised  by  Profes.sor  Alpheus  Hyatt  ; and  certain  alterations  as  well  as 
much  new  matter  have  been  introduced  into  the  translation  of  the  original  te.xt  with  the  author’s  ! 
permission. — Tr.vxs.] 

- For  a more  e.xtended  discussion  of  terminology  that  can  be  advantageou.sly  used  in  de.scriptions  > 
of  shells  of  this  class  see  Ihjalt,  A.,  Phylogeny  of  an  Accpiired  Characteristic  (1894),  p.  422  et  seq. 
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The  many  different  forms  of  Xautiloid  shells  may  be  grouped  into  a few 
leading  types,  as  follows  : — An  orthocoiie  is  the  young  of  the  straight  as  well  as 
many  of  the  coiled  forms.  In  this,  although  straight,  the  bands  of  growth 
are  broader  on  the  venter  than  on  the  dorsum,  and  there  is  no  hyponomic 
sinus.  A ci/iiocone  is  the  similar  stage  which  replaces  or,  as  is  oftener  the 
case,  succeeds  this  and  is  curved.  Both  of  these  may  have  crests  in  the  bands 
of  growth,  on  both  the  dorsum  and  venter,  thus  indicating  that  the  young 
animal  did  not  possess  a large  hyponome.  An  orthoceracone  is  the  older  stage 
of  a straight  form,  and  is  nearly  or  quite  straight  on  both  venter  and  dorsum  ; 
the  bands  of  growth  are  approximately  equal,  but  there  is  usually  a hyponomic 
sinus.  Ci/rtoceracones  are  shells  curved  like  Cyrtoceras  on  l)oth  venter  and  dorsum. 
Gyroceracones  are  curved  in  a loose  spiral  like  Gyroceras,  the  volutions  being 
sometimes  in  contact,  but  there  is  no  impressed  zone,  i.e.  the  venter  is  not 
involved  by  the  overgrowth  of  the  dorsum  belonging  to  the  next  outer  whorl. 

The  impressed  zone  in  its  primitive  form  is  the  longitudinal  impression 
formed  in  the  dorsum  by  the  contact  of  the  whorls.  This  is  divisible  into 
two  kinds — the  contact  furrow,  arising  and  lasting  only  when  the  whorls  are 
in  contact ; and  the  dorsal  furrow,  arising  through  iidieritance  in  the  young 
before  the  whorls  come  in  contact.  There  is  also  a third  modification,  which 
for  the  present  may  be  called  the  persistent  dorsal  furroiv.  This  occurs  in  the 
free  senile  whorls  of  some  shells,  and  is  a remnant  of  the  impressed  zone. 
Finally,  there  is  a furrow  arising  only  from  contact  in  the  old  age  of  some 
distorted  Ammonoids,  and  hence  may  be  called  the  gerontic  contact  furrow. 
Cyrtoceracones  and  gyroceracones  do  not  usually  have  impressed  zones,  but 
an  exception  is  furnished  by  Cyrtoceras  depressim. 

Xantilicones  are  closely  coiled  shells  having  an  impressed  zone.  This  may 
be  only  a very  slight  contact  furrow,  or  a hereditary  dorsal  furrow  deepening 
by  growth  and  involution,  as  in  Nautilus.  Torticones  are  asymmetrical  spirals 
like  those  of  a Gastropod,  either  loosely  or  closely  coiled.  These  may  or 
may  not  have  impressed  zones.  Among  Xautiloids  they  may  be  distinguished 
as  trochoceracones,  etc.,  according  to  their  form,  and  among  Ammonoids  as 
turriliticones,  etc.,  when  more  precise  descriptive  terms  are  required.  A special 
! nomenclature  is  employed  in  describing  the  position  of  the  siphuncle,  which 
i is  of  convenience  in  technical  treatises,  but  may  be  omitted  here.  The  septal 
1 chambers  have  Ijeen  termed  carnerae  in  the  sequel,  because  this  avoids  any 
j assertion  with  regard  to  their  contents,  such  as  is  implied  by  “ air-chambers  ” 
. and  the  like.  The  less  appropriate  term  “ loculus  ” has  Vjeen  used  with  the  same 
meaning  by  Holm. 

Order  1.  NAUTILOIDEA. 

The  conchs  are  camerafed  orthocones  and  cijrtocones  in  the  yoany  of  pCrnitive 
forms,  becoming  cyrtoceracones  like  the  adnlts  of  these  same  ancestral  shells  in  the  young  of 
more  specialised  and  coiled  shells.  Apertures  have,  as  a rule,  ventral  or  hyponomic 
sinuses,  and  crests  on  the  dorsum.  Septa  are  concave  along  the  rnesal  plane  toicards  the 
apex.  Sutures  straight  or  undulated,  rarely  with  sub-angular  lobes  and  saddles,  and  these 
are  probably  never  acutely  angular,  as  in  the  Amrnonoidea.  Each  segment  of  the  siph- 
i uncle  is  composed  of  funnel  and  sheath  as  among  primitive  Ammonoids,  but  the  funnel 
f persists  throughout  life  in  the  ontogeny  of  all  forms  (except  perhaps  Nothoceras],  Collars 
' around  the  oral  openings  of  the  funnel  are  present  in  the  later  stages  of  Ascoceras  (and 
Nothoceras?).  Apex  cup-  or  saucer-shaped,  and  marked  by  a circular  or  elongated  cavity 
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or  cicatrix,  winch  is  mure  or  less  cumjjressed  elli^itical,  never  transversely  elliptical  or 
depressed,  and  is  sornetimes  hidden  by  the  protoconch  or  its  shriuilccn  remnants. 

Tlie  order  may  be  subdivided  according  to  tlie  general  external  features  of 
the  shell  and  structure  ol  tlie  siplumcle  into  five  sub-orders,  as  follows,  named  with 
relerence  to  peculiarities  ol  the  funnels  : — Holochoanites,  i\Hxochoanites,  Schist ochoanitcs, 
Orthochoanites,  Cyrtochoanites.  The  characters  of  these  dilferent  gi’oups  are  definecl 
under  their  proper  headings. 


Sub-Order  A.  HOLOCHOANITES.  Hyatt. 

d nnnels  of  s/pihuncular  segments  reaching  from  the  se2)tum.  of  origination  to  the  plane 
of  the  next  scpjtn.m  apncad  or  beyond  this,  or  in  some  genera  even  to  the  jilane  of  the  second, 
sepjtma. 

1.  1 tlPHUAGMIDA. 

This  group  contains  but  one  family,  Dipihragmidae,  having  the  same  characters  as 
the  following  uni(pie  genus  : — 

Diphragrnoccras,  Hyatt.  Orthoceracones  and  cyrtoceracones  having  simple  septa 
and  sutures  as  in  Endoceratida,  but  siphuncle  divided  by  tabulae  alternating  with  the 
septa  ot  the  camerated  shell.  Chambers  of  siphuncle  emjity,  as  ai'e  also  the  camerae. 
t^hiebec  Ciouj). 

II.  Endoceratida. 


Orthoceracones,  cyrtoceracones,  gyrocera cones,  and  na.utilicones  having  siphuncles  of 
variable  diameter,  bat  as  a rule  large  in  'projiortion  to  width  of  the  .shell.  They  may  be 

empty  or  filled  with  internal 
organic  deposits,  but  are  in- 
variably tubular,  and  the 
funnels  completely  shat  off  the. 
interior  from  the  interiors  of- 
the  camerae.  The  latter  are- 
without  organic  deposits. 

Family  1.  Endoceratidae. 

Smooth  or  annalated  ortho-' 
ceracones.  Siphuncle  always 
more  or  less  filled  with  organic 
dfpo.sit.s. 

Vaginoceras,  Hyatt  (Fig. 
1055).  Ordovician.  Cumero- 
ceras,  Conrad  (Sannionites,- 
Hyatt  ; Suecoceras,  Holm). 
Onlovician  and  Kilurian. 

Endoceras,  Hall  (Coljio- 
ceras.  Hall ; Di^doceras,  Con- 
rad;, (F’ig.  1050).  Smooth 
or  annulatKl  orthoceracones. 
Funnels  reach  from  septum 
of  origination  to  the  next 
apicad  of  this,  Init  no  farther.  . 
Organic  deposits  in  the  form  of  endocones, 


.‘1,  Voiji  noo  i".<  {KnO.)  thiftlcj',  Walilb.  Onlovician;  Kinnekullo, 
Sweden.  Mucli  nMluced.  Ji,V.cr/iimiiin,'\yah\h.  Onlovician;  Oi-anien- 
bauin,  Russia.  Tlie  anterior  endocone  of  the  siiflmncle  is  filled  up 
witli  matrix  .so  as  to  fonn  a dart  (“  Spiess  ”).  i/o.  C,  Diaj^raniniatic 
loii'^dtudinal  section  (>f  the  last,  showing  sijdional  funnels.  J)e- 
taclied  camera  of  }’a<ilncH'rros  with  long  siphonal  funnel.  (Figs.  C 
and  D after  Dewitz.) 


Septa  pass  entirely  around  the  siphuncle. 
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and  taper  off  at  the  centre  into  a sjjire  that  is  sometimes  tubular  and  hollow,  or  again 
flattened  and  elliptical.  This  is  the  endosiphuncle. 

Ordo-^dcian  and  Silurian. 

Narthecoceras,  Hyatt.  Long,  cylindrical,  staft'-like 
orthoceracones.  Siphuncle  large  and  filled  with  organic 
deposits  having  a radiating  fibrous  structure  like  the 
guard  of  a Belemnite.  Endocones  and  an  endosiphuncle 
developed.  Septa  continuous  around  the  siphuncle. 

Ordovician. 

Nanno,  Clarke.  Similar  to  the  preceding,  Imt  endo- 
siphuncle present  only  at  the  apical  end.  Siphuncle 
close  to  the  shell,  so  that  sutures  appear  to  bend 
apically  into  a lobe  passing  around  the  siphuncle. 

Trenton  Limestone. 

Family  2.  Piloceratidae. 

kihorter  and  stouter  orthoceracones  and  cijrtocerncones 
vjith  relatively  larger  siphuncles  than  in  Endoceratidae, 
and  more  variable  in  their  internal  deposits.  Bepta  are 
more  concave  and  sutures  more  sinuous.  Camerae  empty 
and  funnels  similar. 

Breviconic  cyrtoceracones  with 
and  well  - defined  endocones. 


Piloceras,  Salter, 
very  large  siphuncle 
Ordovician. 


Fig.  1056. 

Eniloceras  proteiforme, 
viciaii  ; New  York, 
section 
cones. 


Hall,  Ordo- 
Longitudinal 
sliOAving  funnels  and  endo- 


Family  3.  Cyrtendoceratidae. 

Gyroceracones  and  nautilicones  having  large  siphuncles  filled  ivith  organic  deposits  or 
empty,  but  with  endocones  obscure  or  absent,  and  no  endosiphuncles. 

Gyrtendoceras,  Remele.  Gyroceracones  with  siphuncle  near  the  dorsum  and  filled 
with  calcareous  deposits.  Ordovician. 

Sub-Order  B.  MIXOCHOANITES.  Hyatt. 

Orthoceracones  and  cyrtoceracones  having  expanded  living  chambers  with  contracted 
apertures  in  the  gerontic  stage  of  specialised  genera.  The  oldest  septa  are  bent  shaiply 
orad,  forming  a series  of  dorsal  saddles,  and  the  siphuncle  becomes  highly  modified. 
Primitive  genera  have  the  septa  deeply  concave  or  approximately  sub-conical,  the  sip>huncle 
smafl  and  empty,  and  the  septic  sometimes  more  or  less  imperfect  on  the  ventral  side  in  the 
gerontic  stage.  Specialised  forms  have  siphuncles  with  short,  straight  funnels  in  the 
young,  and  in  the  ephebic  stage  collars  are  built  around  the  oral  openings,  thus  becoming 
parallel  to  some  forms  of  Goniatitidae  that  have  similar  convposite  funnels. 

Family  1.  Ascoceratidae. 

Cyrtoceracones,  smooth  or  annulated.  Siphuncle  with  long  funnels  only  in  the  young 
and  later  stages  of  primitive  genera,  hut  collars  are  added  in  later  stages  of  specialised 
forms,  and  segments  become  nummuloidal  in  gerontic  stage.  Septa  often  more  or  less 
imperfect  around  siphuncle  and  on  the  ventral  side. 

Choanoceras,  Lindstr.  Sections  depressed  elliptical.  Gerontic  stages  have  no 
saddles,  and  living  chamber  uncontracted.  Ordovician  and  Silurian. 
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rijii/i'itc!!,  Brill'.  Only  gt-roiitic  living  clianilrers  known  ; tlie.^ie  are  similar  to 
A^roccmx,  lait  have  no  internal  sigmoklal  dorsal  saddles.  Silurian. 

Asrnrenis,  Barr.  (Figs.  10.37,  1058).  Oeronlic  living  chamhers 
internally  contracted  hy  the  forniation  of  large  sigmoidal  .siddles, 
and  sejita  more  or  less  incomjilete  ventrally.  Si])hiincle  with 
funnels  oidy  in  the  young,  the  collars  in  ejihehic  stages  liecoming 
nummiiloidal  and  often  incomplete  in  old  age.  Ai>ei'tiire  ojien. 
Silurian. 

Glo^socems,  Barr.  Known  only  hy  gerontic  living  chamhers, 
which  are  like  those  of  Amjcems,  e.vcept  that  aiiertiire  has  dorsal 
and  lateral  crests.  Silurian. 

Volhorfhella,  Schmidt.  Minute  orthoceracones  with  conical 
septa,  small  si2>huncle,  irerfectly  ]dain  uiion  the  .surface  of  the 
sejita.  Living  chamher  flaring  and  uncontracted.  Lower  Cam- 
bi'ian  ; Finland,  Esthonia.  St.  John’s  Groiq) ; Xo\'a  Scotia. 


lO.'js. 


'■  Asinn  riiji  hohriilirtnn,  Harr.  Silurian  (ktagc  E) ; Kozorz,  liohiMMia.  .1, 

mn ituhri }( fii , Spocini'*!!  witli  shell  ])arti;illy  7;,  Cast  of  livinj;  chamber  (h'taclietl 

Lintlsti'ini.  Silurian;  from  jjortion.  Ltm^iitiulinal  section,  Living  chamber; 

CoUlantl.  J o.  (R*--  c 1-4,  (.’aiiUTac ; f 1-4.  Sa<l<lle.s  contracting  tlie  living  cJiamber.  J/j  (after 

stoif*(l  al‘U*r  l.imlstri  mi.)  Rarratnle). 


Family  2.  Mesoceratidae. 

I /rpYrsard  l•l]i^pf■|Cll}  njrtdccrcronc^,  l:i)mrn  onhj  hij  their  (jernutic  Uvinp  ehniiihera,  and 
(ilhiufu'-<  the  ref  are,  a nccrtm  n.  Thetj  a re  (jhAiiila  r at  thin  rtiuje,  aiid_  Itave  liiyltlij  conf  ra(;ted, 
transvcrr^ehi  cliiiiyaleif  and  ajyiroxnnatel y d aiiih-heJl-rhaped  ajjert iirea. 

J/c.s'Of Barr.  Ajierture  with  very  shallow  hyjionomic  sinus.  No  internal 
gerontic  sigmoidal  sejita.  Silurian. 

Ililh nysites,  Hyatt.  A]ierture  without  hyjxmomic  sinus.  Gerontic  living  chamher 
jiartly  Idled  hy  dorsal  sigmoidal  saddles  as  in  Ascocera.%  hut  sejita  comjilete  on  the 
ventral  side.  Silurian. 


Sub-Order  C.  SCHISTOCHOANITES.  Hyatt. 

Fanneh  vtinaUy  'more  or  less  impcrfecf,  ])resenf  on  the  internal  side^  and  absent  or 
sjilit  on  the  outer  side. 

This  grouj)  will  he  hetter  understood  after  the  jmhlication  of  Professor  AV.  B. 
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Dwight’s  reniarkal  )le  genera  from  the  Qiiehec  Group  near  Poughkeepsie,  Xew  York. 
They  are  proV>alily  directly  connected  with  Holochoanites.  The  typical  form  of  the 
suli-order  is,  of  course,  Conoceras,  Broun. 

Cyrfocerina,  Bill.  BreA’icoidc  cyrtoceracones.  Sijihuncle 
large,  on  the  concave  side  and  empty,  hut  having  internal  ridges 
alternatkig  with  septa  of  the  camerae.  These  ridges  appear  to 
indicate  altinity  with  Conoceras,  Ordovician. 

Conoceras,  Broun  {Bathmoceras,  Barr.),  (Fig.  1059).  Brevi- 
conic  orthoceracones,  known  only  in  their  later  stages  of  develoji- 
ment.  Siphuncle  of  moderate  size,  sub -ven tram  Funnels 

reaching  half-way  across  each  camera,  steeply  inclined  orad, 
and  split  on  the  outer  side.  C'losure  of  the  walls  effected  liy 
a plate  extending  from  the  apical  opening  of  each  funnel 
through  the  funnel  itself  orad  to  the  apical  opening  of  the  next 
l)eyond,  and  projecting  into  tlie  interior  as  a tlattened  fold, 
which  is  incomplete,  or  open  along  the  centml  axis.  These 
internal  collars  or  Hat  semiconical  rings  have  l)een  described  as 
complete  cones  (Dwight).  Ordovician. 

Sub-Order  D.  ORTHOCHOANITES.  Hyatt. 

Gerontic  stages  have  uncontracted  volutions  and  open  apertures,  eoxept  in  a,  few 
, uncoiled,  phylogeroniic  genera.  Siphuncular  segments  may  he  slightly  nurnmuloidal, 
, fusiform  or  tuhular,  but  are  never  marhedly  nurnmuloidal,  nor  are  the  funnels  bent 
I sluuply  outwards  as  in  Cyrtochoanites.  1 leposits  formed  only  in  the  sipliuncles  of  Ortho- 
I ceratidae  and  Kionoceras,  and  in  them  they  are  irregular  and  no  endosiphuncles  occur ; 
' other  genera  have  empty  siphuncles.  Funnels,  as  a rule,  both  longer  and  straighter  than 
in  Cyrtochoanites,  and  in  Aturia  almost  ecpual  to  those  of  Holochoanites. 

j This  grouj)  includes  the  greater  number  of  Xautiloid  f(Drms,  passing  from  the 
I smoothest  to  the  most  highly  ornamented  of  Palaeozoic  shells,  continuing  in  the  Trias 
as  nautilicones  of  complex  ornamentation,  and  terminating  with  smooth  shells  that 
range  from  the  Jura  to  the  pre.sent  time.  The  sutures  liecome  more  sinuous  and  com- 
plex in  one  of  the  sulxlivisions  than  in  all  other  Xautiloids.  The  increase  in  number 
of  lobes  and  saddles  liegins  in  the  Trias  with  Clymenonautilus,  and  ends  with  Aturia 
I in  the  Tertiary. 

1 

; I.  Orthocer.xtida. 

^ Orthoceracones  ami  cyrtoceracones  with  smooth  or  ornamented  shells,  and  not  as  a 
>■ ! rule  contracted  in  gerontic  stage ; apertures  open  throughout  life.  Although  often  short, 

' i none  are  brevicones,  strictly  speaking.  Section  circular  or  elliptical,  very  rarely  oval. 

\ Siphuncle  icith  slightly  nurnmuloidal,  fusiform,  or  tubular  segments,  and  generally  near 
' the  centre. 

Family  1.  Orthoceratidae. 

Section  circular  or  compressed,  living  chamber  uncontracted  or  only  slightly  so, 
and  aperture  always  open.  Surface  smooth  or  v.'ith  only  transverse  bands,  rarely 
longitudinal  striae,  never  longitudinal  ridges.  Siphuncle  small  {except  in  Bcdtoceras), 
segments  fusiform  or  cylindrical,  never  nurnmuloidal.  Deposits  wlxn  present  irregular, 
and  gathered  about  the  funnels  as  in  Cyrtochoanites ; no  definite  endosiphuncles  ever 
formed. 

Bcdtoceras,  Holm.  Siplmncle  large,  but  with  short,  straight  funnels,  and  sheaths 
as  in  Orthoceras.  Ordomcian. 


1));  Vosek,  Bohemia  (after 
Barrande). 
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Orthoceras,  Breyn  (Figs.  1060,  1061).  Long  tajieriiig  orthocei'acoiie.s  and  cyrto- 


Fio.  1000. 


Orthoceras  intermedium,  Marklin.  Silurian; 
Gottland.  Longitudinal  section  showing 
siphuncle,  septa,  and  pseudosepta  ; cainerae 
filled  up  with  calcite. 


Fig.  lOtU. 

Orthoceras  MicheU  ni, 
Barr.  Silurian  ; Kozorz, 
Bohemia.  Longitudinal 
sec ti on  showing  short 
siphonal  funnels. 


ceracones,  smooth,  or  jvith  only  transverse  striae  and  growtli 
band.s.  Siplmncle  generally  larger  than  in  Geisonoceras,  centren 
or  slightly  dorsad  ol  centre.  Dei)osits  when  jiresent  gathered 
about  the  funnels  as  in  Annuloftiphonnfn.  Silurian  to  Trias. 

Geisonoceras,  Hyatt  (Fig.  1062).  Similar 
to  the  last,  but  sides  sjtreading  more  rapidly, 
and  sij)huncle  emjity,  centren,  or  slightly 
ventrad  of  centre.  Ordovician  to  Carlion- 
iferous. 

P rot ohaci rites,  gen.  nov.  Long  ])encil- 


Fig.  1002. 

Geisonoceras  t im  idum, 

Barr.  sj).  fc>iliirian  ; Loch- 
kow,  Boliemia. 


1003. 

Dav'soyior^rns  nnmdci- 
f?/m,  Sowb.  sp.  Silurian 
(E);  Viscocilka,  Bo* 
liemia.  Terminal  ]»or* 
tion  showing  shell  of 
living  chamber  and 
spctioned  cainerae  (after 
Barrande). 

having  prominent 


shaped  ortlioceracones  and  cyrtoceracones,  circular  or  comjuvssed 
elliptical  in  section,  oiaiamented  with  transveme  and  sometimes 
longitudinal  striae.  Sijthuncle  tubular,  centren  or  near  the  centre. 
Truncation  occurs  iu  some  sjiecies,  and  others  are,  more  or  le.ss 
transitional  to  Bactrites  among  the  Ammonoids.  Type  P.  {(Jrth) 
stijloideum,  Barr.  sj).  Silurian  to  Carboniferous. 


Family  2.  Cycloceratidae. 

Ortlioceracones  and  cyrtoceracones  haviny  annuli  with  transverse 
stnac  nr  hands  of  yronih  at  all  stayes ; lonyitudinal  rid  yes,  when 
present,  'more  or  less  discontinaous.  The  earliest  forms  often  have 
larye  sijdntncles,  and  are  apparently  more  directly  connected  irith 
primitive  Endoceratida  than,  with,  Orthoceratidae. 

Protocycloceras,  gen.  nov.  Annulated  ortlioceracones  and  cyrto- 
ceracones without  longitudinal  ridges.  Sijihuncle  large.  Type  l‘. 
{Orth.)  Larnarchi,  Bill.  s]i.  Ordovician. 

Gycloceras,  M‘Coy  {Dictyoccras,  Heloceras,  Eichw.).  Annu- 
lated ortlioceracones  and  cyrtoceracones  with  discontinuous  longi- 
tudinal ridge.s.  Sijdiuncle  generally  tubular  or  with  fusiform 
segments ; dejiosits  when  present  irregular  as  in  Orthoceras. 
Annuli  often  become  ob.solete  in  jiaragerontic  stages.  Ordovician 
to  Permian. 

Daw'sonocera.%  Hyatt  (Fig.  1063).  Similar  to  Gycloceras,  but 
frilled  bands  of  growth  between  and  on  the  annulations,  the  frills 
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[ sometimes  forming  more  or  less  cliscontiniious  longitudinal  ridges.  Silurian  and 
I Devonian. 

i Ctenoceras,  Noetl.  Cyrtoceracones  like  Dawsonoceras  didce,  Barr,  sp.,  but  with 

1'  fine  longitudinal  ridges  between  tlie  annuli,  and  living  cliaiiiber  witli  tliree  internal 
folds  or  processes — ^one  median  dorsan,  and  a pair  on  tlie  venter.  Sipliuncle  dorsad 
of  centre.  Ordovician. 

[ Family  3.  Kionoceratidae. 

I Orthoceracones  and  cyrtoceracones  with  more  or  less  well-marhed  continuous  longi- 
; tudinal  ridges,  and  either  icith  or  without  annulations.  Spinous  processes  or  tubercles 

I I often  appear  at  the  intersections  of  the  longitudinal  and  transverse 
bands  of  groivth,  Sipliuncle  with  faintly  nummuloidal,  fusiform, 
or  tubular  segments. 

Kionoceras,  Hyatt.  Longitudinal  ridges  i)resent  as  a rule 
[ only  in  tie  earlier  stages,  after  which  inconspicuous  annuli 
f j appear,  but  with  some  few  exceptions  become  obsolete  before  the 
i ephebic  stage.  Silurian  to  Carboniferous. 

! Spyroceras,  Hyatt.  Very  long,  slender,  anuulated  shells, 

[ with  more  or  less  prominent  longitudinal  ridges  in  the  ephebic 
1 1 stage.  Ordovician  to  Carboniferous. 

S ; Thoracoceras,  Eichw.  {Melia,  Eichw.),  (Fig.  1064).  Like  the 

'■  I last,  but  with  more  or  less  spinous  longitudinal  ridges.  Silurian 
I to  Carboniferous. 

i II.  Plectoceratida. 

j Orthoceracones,  gyroceracones,  and  very  discoidal  nautilicones 

» ivith  comparatively  slight  impressed  zone.  Volutions  of  gerontic 
i stage  often  have  a centrifugal  tendency,  becoming  sometimes 
! straight  and  even  bending  slightly  in  the  opposite  or  ventral 
direction.  Shells  annulated  or  costated,  and  often  with  longi- 
'■  tudinal  striae  or  fine  ridges,  especially  in  the  young,  but  these 
generally  disappear  before  the  ephebic  stage.  Siphuncular  seg- 
' I ments  slightly  nummuloidal,  fusiform,  or  tubular. 

Family  4.  Tarphyceratidae. 

Orthoceracones,  cyrtoceracones,  gyroceracones,  and,  nautilicones,  compressed  oval  in 
section,  venter  narrower  than  the  dorsum.  Shell  smooth  or  sometimes  ivith  primitive  fold- 
'•  like  costae.  Sipliuncle  empty,  tubular  and  ventrad  of  centre. 

Aphetoceras,  Deltoceras,  Barrandeoceras,  Tarphyceras,  Hyatt ; Planctoceras,  Eury- 
stomites,  Schroder ; Falcilituites,  Remele.  Ordovician.  (For  descriptions  .see  Hyatt’s 
Phytogeny,  1894.)  Eurystomites  and  Tarphyceras  are  wholly  nautilicones,  the  remain- 
ing genera  either  cyrtoceracones  or  gyroceracones.  Orthoceracones  represented  by 
genera  at  jjresent  uudescribed. 

Family  5.  Trocholitidae. 

Nautilicones  resembling  those  of  the  preceding  family,  and  not  easily  distinguished 
from  them  in  the  young.  As  a rule  they  have  excessively  broad  volutions  with  rcniform 
section  and  an  impressed  zone  at  a very  early  age;  the  siphuncle  is  then  ventrad  of  the 
centre,  but  in  the  ephebic  stage  it  is  tubular  and  dorsad  of  centre. 

Schroederoceras,  Litoceras,  Trocholitoceras,  Hyatt;  Trocholites,  Conrad  (Palaeo- 
nautilus,  Palaeoclymenia,  Remele).  Ordovician.  Discoceras,  Barrande.  Ordovician 
and  Silurian. 


Thoracoceras  corhidqlum, 
Barr.  sp.  Silurian  (Etage 
E) ; Dvoretz,  Bohemia  (after 
Barrande). 
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G>iroccmcona<,  nautibconcs,  (in<l  torficoncs  haviiui  nnnalar  costae  from  the  neamc 

stage  until  late  in  life,  and  in 
some  genera,  more  or  less  pro- 
minent longitudinal  riilges, 
v-ldch  HSU  all  g disappear  in 
the  cphehic  stage.  Sijdiuncle 
ventrad  of  centre. 

Plectoceras,  Hyatt.  Oi'do- 
vician  and  Silurian.  Spht/- 
radoceras,  Hyatt  (Peismocei-as, 

Hgstrophoceras,  Hyatt),  (Fig. 

10G5).  Silurian  and  De- 
vonian. The  first  is  gyrocera- 
conic,  with  some  di.scoidal 
nantilicones,  and  the  second 
is  almost  exclusively  torticonic 
of  the  trochoceran  ty])e. 


Family  7.  Ophidio- 
ceratidae. 


1 tiscoidal  n a u til  icon  es 

1"  10d5.  t I 1 X j7  ' 1 

, , costfitcfl  from  the  neamc  sfa(/e 

, Sphyrotloocrns  npfattmi,  Barr.  sp.  Silurian  7-7  r .i 

(EtageK);  Lodikow,  Buljeniia  (after  Barramlf).  onv'ara.  I ()lnt}ons  of  the 

young  small  and  numerous. 
Section  during  epheljic  stage  generall g compressed,  venter  narrov'er  than 

the  dorsum.  Stphuncle  tuhular,  small. 

t tphidioccras,  liarr.  ' Fig.  lOGG).  Nau- 
tilicones  with  straight  lateral  costae  and 
raisedhands  on  the  venter,  and  longitudinal 
ridge.s  in  the  young.  Siphuncle  dorsacl  or 
\ entrad  of  centre  during  ephebic  stage,  but 
ventrad  during  nepionic.  Germitic  aper- 
tures with  jirominent  dorsal  and  lateral 
ciests,  and  very  deep  hyponomic  sinus. 
Silurian. 

llomaloceras,  AVhiteaves.  Cyrtocera- 
cones  with  section  similar  to  that  of  (Jphid- 
loceras,  venter  narrow  and  channeled, 
liordered  by  crenulated  ridges  ; the  dorsum 
gibbons  and  rounded.  Siphuncle  near 
the  venter.  Devonian. 


Fig.  lOiiij. 

a ph  i il } oerrn  s simpler,  Barr. 
Silurian  (K);  Lochkow.  Bohemia. 
Vi  (after  Barrande). 


I’amilv  8.  Lituitidae. 


E.crepting  the  supposed  ancestral,  primitive  genus,  Cgclolituites,  this 
IS  a series  of  plrglogerontic  uncoiled  forms  v:ith  an  ertrerne  modification 
in  the  almost  cornpletelg  uncoiled  Ilhgnchorthoceras.  Apertures  quite 
distinct  from  those  of  the  preceding  familg ; hgponrmic  sinus  shallmcer, 
there  are  narrov  ventro-latera I crests,  and  small  lateral  sinuses  and 


Fig.  1007. 

L itu  ilcs  I ilv  us, 
Moiitf.  Onloviciaii 
ilrift  ; East  Prussia. 
i/.i  (after  Xoetling). 
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crests,  some  forms  having  altogether  as  many  as  five'  sinuses  and  fi.ve  crests.  Siphunde 
tubular  and  usually  large. 

Cyclolituites,  Eemele ; Lifuites,  Brevn  (Fig.  1067);  Angelinoceras,  Hohmceras, 
Hyatt.  OrdoYician.  Ancistroceras,  Boll ; Bhyiichorthoceras,Bemel(‘.  Ordovician  and 
Silurian.  (For  re-descriptions  see  Hyatt’s  Phylogeny,  189d.) 


III.  Pleuroxautilida. 

Comparatively  smooth  naufilicones,  the  primitive  genera  d/iscotdxd  hut  leading  up  to 
some  highly  involute  shells  in  the  Trias.  The  Inter  Mesozoic  and  Tertiary  shells  nearly 
all  deeply  involute.  Some  of  the  Triassic  Clydonautihdae  have  more  sinuous  sutures  and 
a greater  number  of  lobes  and  saddles  than  anij  other  Nn utiloids,  and  this  complexity 
persists,  although  to  a lesser  degree,  among  the  Jurassic,  Cretaceous,  and  Tertiary  forms. 
Siphuncle  tubular  and  .small,  v:ith  mostly  short  funnels  except  in  Aturia,  where  they  are 
very  long. 

Family  9.  Grypoceratidae. 


I 

I 

I 

5 

J 

1. 

1 


I 


* 


Primitive  forms  have  discoidal  volutions  with  very  simple  sutures,  but  are  succeeded 
by  involute  shells  having  more  complex  sutures.  The  latter  have  pirominent  ventral 
saddles  sometimes  divided^  by  a lobe,  and  large  lateral  and  dorsal  lobes.  All  genera 
save  one  Jcnoicn  to  have  annular  lobes.  Shells  less  highly  ornamented  than  in  preceding 
family,  and.  sutures  simpAer  than  in  the  next  following. 

Syringoceras,  Hyatt.  Discoidal  vitli  primitive,  approximately  tubular,  or  slightly 
compressed  volutions.  Surface  marked  by  longitudinal  ridges,  sometimes  intersecting 
the  transverse  lines  so  as  to  produce  a cancellated  surface.  Sutures  vith  faint  ventral 
saddles,  slight  lateral  and  dorsal,  and  minute  annular  lobes.  Si}iliuncle  very  small 
and  near  the  venter.  Trias. 

Gnjpoceras,  Hyatt.  A^olutions  more  or  less  deeply  involved,  but  umbilicus  open, 
the  venter  narrow  and  often  channeled.  Sutures 
with  narrow,  sometimes  deep  ventral  lolje,  Inoad, 
sweeping  lateral  lobes,  and  deep  dorsal  with 
annular  lobes.  Siphuncle  dorsad  of  centre. 

Trias. 

Family  10.  Clydonautilidae. 


Shells  have  folds  in  some  species,  and  all  are 
deeply  involute  except  the  pnimitive  genus  Clymeno- 
nautilus.  Lateral  lobes  of  sutures  more  or  less 
deep  and  often  sub-angular,  suggestive  of  the 
Clymenidae  among  Ammonoids.  Some  highly 
specialised,  and.  involute  species  have  the  umbilical 
lobes  exposed  on  the  sides,  and.  an  additional  pair 
of  laterals  developed  near  the  venter,  thus  making 
three  pairs  of  lobes  on  each  side.  The  compressed 
volutions,  narrow  venter,  and  aspect  of  the  young 
and  primitive  forms  seem  to  indicate  close  affinity 
v:ith  the  Grypoceratidae,  but  only  a few  species  of 
late  Mesozoic  time  are  known  to  have  annular  lobes. 

Clymenonautilus,  gen.  nov.  Smooth,  dis- 
coidal shells  with  more  or  less  compressed 
volutions,  and  narrow  convex  venter.  Sutures 

with  prominent  ventral  saddles,  one  pair  of  deep  lateral  lolies,  and  large  marginal  saddles. 
Sijjhuncle  supposed  to  Ije  near  the  venter.  Tyjie  C.  (Xaut.)  Ehrlichi,  Mojs.  sp.  Trias. 

Clydovautilus,  Mojs.  Deeply  involved  nautilicones  with  compressed  volutions. 
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iiairoM  concave  venter,  and  lunljilicns  small  or  closed.  Sutures  ivith  prominent 
ventT’al  saddles  undivided  hy  ventral  lobes  in  adult  slielLs.  Trias. 


Fig.  lOiiO. 


Hercogloxsa,  Conrad  {Enclirnatoceras,  Hyatt),  (Fig.  1068). 
Heejily  involute,  ivitli  sutui’es  like  tlio.se  in  Gbyphioceratidae,  but 
the  ventral  saddle  not  divided  by  even  the  shallow  lobe  usually 
tound  in  that  family.  Annular  lobes  jiresent  only  in  some 
species.  Sijihuncle  small,  centren  or  dorsad  of  centre.  Trias  to 
Tertiary. 

Pseudonautilus,  Meek.  Similar  to  Hercoglossa,  but  with  lobes 
ou  the  venter,  and  two  saddles  on  either  side.  Large  annular 
lobes  jiresent.  Jura. 

Aturia,  Broun  (big.  1069).  Similar  to  Hercoglossa,  but  with 
large  sijihuncle  close  to  the  dorsum  from  an  early  stage  onward, 
and  tunneLs  very  long  and  larger  than  in  any  genus  of  Mesozoic 
or  Tertiary  Nautiloids.  Eocene  and  Miocene. 


IV.  Ryticeratida. 


Afuri,  Bast.  sp. 

Miocene;  Bordeaux, 
sliell  Lroken  open  to 
sliow  siplional  funnels. 

Cgrfoceracones,  ggrucerucones,  and  nautilicones  having  shells 
covered  with  more  or  less  ■projecting  hands  of  growth  which  often  become  sinuous  or  develop 
into  spout-hke,  s^rinous,  or  nodose  prominences.  In  the  more  specialised  shells  these  are  apt 
to  he  con  fined  to  the  renter.  Ihe  frills  m the  hands  often  form  coarse  longitudinal  ridges. 
Siph uncle  fnhular  or  shghtlg  numrnuloidal,  and  com monhi  ventrad  of  centre. 


Family  11.  Halloceratidae. 

Orthoccracones  and  cyrtoceracones  having  depressed  elliptical  or  suhtrigonul  sections, 
renter  hroailer  than  the  dorsum,  hhell  with  closely  set  and.  frilled  2wojectiiiri  hands  of 
growth,  haring  large  ring-like  hands  at  intervals  that  sometimes  erpiand  so  as  to  form 
wide  collars.  The  highly  specialised  nautilicones  may  have  a row  of  large  nodes  on 
either  side  springing  from  the  bases  of  large  spout-like  sjjincs.  Hiphuncle  tuhular,  small, 
and,  near  the  venter. 

Zitteloccras,  Hyatt.  Cyrtoceracones  of  dejires.sed  ellijitical  section,  the  venter 
narrower  and  more  giblious  than  the  doi-sum.  The  layers  finely  frilled  and  closely 
set  in  the  intervals  between  more  jirominent  annular  bands.  Ordovician  to  Devonian. 

llalloccras,  Hyatt.  Oyroceracones  of  sub-trigonal  .section,  the  venter  broad  and 
dorsum  sub-angular,  with  one  row  of  lai'ge  nodes  at  each  of  the  ventro-lateral  angle.s. 
Devonian. 

Family  1 2.  Ryticeratidae. 

Cyrtoceracones  and  gyroceracones  reseinhling  Halloceratidae,  hut  much  larger,  with 
coarser  cren  ulated  hands,  and  iften  v.'ith  rows  of  spout-like  spji nous  processes  which  some- 
times form  coarse  longitudinal  ridges.  Siphunclc  more  or  less  numrnuloidal,  and  larger 
than  in  kfalloccratidae. 

Pyticeras,  Hyatt  fllutoceras,  Hyatt),  Cophinoceras,  Strophiceras,  Hyatt.  Devonian. 

V.  Rhadinoceratida. 

Cyrtoceracones,  gyroceracones,  and  nautilicones  having  smooth  or  spinous  longitudinal 
ridges  m the  young,  which  hecome  large  and  fluted,  in  some  genera,  hut  diseqrpear  in 
others.  Ilidges  more  or  less  sporadically  combined,  with  fold-like  annulations,  thus 
suggesting  direct  descent  from  the  Kionoceratidae. 
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Family  13.  Rhadinoceratidae. 

Primitive  discoidcd  gyroceracones  and  nautilicones  with  stout  volutions,  circular  or 
depressed  elliptical  in  section,  but  becoming  reniform  in  later  stages  of  nautilicones. 
Shells  with  longitudinal  ridges  and,  sometimes  annular  folds  in  the  young,  but  often 
smooth  in  ephehic  stage.  Sutures  with  ventral,  lateral,  and  dorsad  lobes,  or  almost 
straight.  Siphuncle  nummuloidal  and  often  dorsad  of  centre.  Annular  lobes  hnown  to 
be  present  in  specialised  forms. 

Rhadinoceras,  Nephriticeras,  Hyatt.  Devonian. 


Family  14.  Trigonoceratidae. 


Gyroceracones  and  nautilicones  having  at  some  stage  or  throughout  life  trigonal 
volutions,  a,  more  or  less  concave  venter,  and  generally  fluted  shell.  Sutures  with  ventral 
saddles  in  the  young,  becoming  divided,  by  shalloiv  lobes  in  later  stages,  and  in  some  genera 
the  dorsal  lobes  of  the  young  become  divided  subsequently  by  dorsal  saddles.  Gerontic 
living  chamber  occasionally  free  near  the  aperture.  Annular  lobes  observed  in  only  one 
species  (Apheleceras  disciforme).  Young  Imve  longitudinal  ridges  roughened  by  transverse 
hands  as  in  Thoracoceras.  Sip)huncle  small,  ventrad  of  centre. 


Trigonoceras,  M‘Coy ; Goelonautilus,  Foorcl  {Trematodiscus,  Meek ; Trernatoceras, 


Hyatt) ; Subclymenia,  cVOrL.  ; Stroboceras, 
Apheleceras,  Diorugoceras,  Ephippioceras, 
Hyatt.  Carboniferous.  All  nautilicones 
but  the  first,  which  is  gyroceraconic. 

Family  15.  Triboloceratidae. 

Gyroceracones  and  nautilicones  similar 
to  Trigonoceratidae,  and  with  concave 
venter  at  an  ecerly  stage  or  until  late  in 
life.  The  venter  afterivards  becomes  more 
or  less  elevated,  and  in  most  species  convex. 
Sutures  also  similar,  but  annular  lobes 
are  p>vesent  in  all  the  nautilicones  save 
Coloceras. 


Vestino.xitilus  Konincki,  d'Orb.  si>.  Carboniferous 
Limestone  ; Touniay,  Belgium.  (,)ral  and  lateral 
aspects  of  young  individual,  with  umbilical  perforation. 


Triboloceras,  Hjatt ; Vestinautilus,  Ryckh.  (Fig.  1070);  Planetoccras,  Stearoceras, 
Coloceras,  Hyatt.  Carboniferous. 


Family  16.  Rhineceratidae. 

Gyroceracones  and  nautilicones  like  Thoracoceras  in  nepionic  stage,  but  subsequently 
becoming  biangular  in  section,  and  generally  developing  solid,  more  or  less  tetragonal 
volutions.  Longitudinal  ridges  and  flutes  also  developed,  but  more  uniform  in  size  than 
in  the  preceding  family,  and  venter  always  convex.  Annular  lobes  present  in  all 
nautilicones  so  far  as  known. 

Ehineceras,  Lispoceras,  Thrincoceras,  Phloioceras,  Discitoceras  (Discites,  M‘Coy), 
Leuroceras,  Phacoceras,  Hyatt.  Carboniferous. 

VI.  Hercoceratida. 

Primitive  shells  have  projecting  bands  of  growth  and  processes  similar  to  those  of 
primitive  Ryticeratida,  hut  less  numerous,  being  present  in  only  one  roiv,  and  evolving 
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won:  rrqmUii  uifo  nodoxe  or  aijinmetriail,  qimit-lihr,  qtinoiis  proceuxr.s.  More  xpccialixed 
fo)  ills  arc  tiihn'CiiJafcd  as  ui  I’ljttcerafiila,  hat  there  are  never  more  than  three  rows  of 
nodes  on  either  side^  and  these  are  rcr/Hlarlit  distrihiited — one  on  tlw  urnhiUcal  shoulder, 
another  on  the  ventro-Iateral  unr/le,  and  the  third  dose  to  the  median  ventral  line. 
.Innidin  lohes  ahsent  e.rcejit  in  a fev:  Friassic  forms.  Sqdi unde  ijencralhj  more  or  less 
II  ummuloidal. 

Family  17.  Hercoceratidae. 

Cijrtoceracones,  ijijroceracones,  nn  uf  ilicones,  anil  tortieoncs  havinr/  depressed  elliptical, 
sulj-quadrate,  or  trapi::oidal  sections.  Aperture  has  tiro  deep  sinuses  v:ith  projectimj  edges 
at  the  ventro-Iateral  ane/les,  and  these  are  usualhi  piersistent,  formimj  tico  lines  of  more  or 


Fio.  1071. 


Ilcrrnreriis  inirinn,  H.irr.  l^ilnrian  (i:tage  G) ; Hhiboccp,  Bohemia  (after 
Barramle). 


Fi(i.  1072. 


J’tniorcrns  (Itj/r.)  ntntinn, 
Barr.  .sp.  (Silurian  (K1  ; 
Koniejini.s,  Bohemia.  Vi 
(after  Barrandc). 


less  spout-l the  jirocesses.  Sutures  v'lth  ventral,  lateral,  and  dorsal  lohes.  Siphuncle 
rent rati  of  centre. 

Ifercoceras,  IlaiT.  (H'f.  1071);  Trorhoccras,  llarr.  1‘tii.ssoceras,  Ptenoceras  (P’ig. 
1072),  Anomaloceras,  Hyatt.  Silurian. 


Family  18.  Tainoceratidae. 

J thsroidal  na atilirones  v'lth  more  or  less  massive  volutions  which  at  some  stat/e  or 
throiiiihoat  life  are  t rape:.oidal  in  section,  tuherculated,  ami  without  well-dejined  lateral 
and  aiahihcal  :.ones.  Sutures  have  ventral,  lateral,  and.  dorsal,  hut  no  annular  lohes. 
Spinous  jiroce.'ises  are.  roruplete,  never  spout-lihe.  Siphuncle  small,  tubular. 

1 1 III  iiorheil  us,  M‘('oy  (Endolohus,  iMcck  ; Crijpitoceras,  d’Oi'b.).  Section  trajiezoidal 
1 lirougliout  lile,  and  one  rov  of  jmr.^i.'^tent  .«pinc.«  and  node.s  on  either  (side  at  the 
Vent m-latei'(d  angles.  Devonian  to  (,'arhoniferous. 

J' oordiceras,  Hyatt.  Permian.  Metacoceras,  Coelorjasteroceras,  Hyatt.  Carhon- 
iterous.  Daidiplocera.s,  Hyatt.  Devonian.  Tainoceras,  Hyatt.  Carhoniferou.s. 


Family  H).  Centroceratidae. 

Gyroceraeoues  and  nautilicones  with  young  similar  to  early  stages  of  Temnocheilus 
hefore  the  impressed  r.one  is  formed.  Shell  suhserpi.ently  becoming  tetragonal  in  section. 
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the  venter  flattened  or  concave,  and  dorsum,  remaining  convex  until  a late  stage. 
Nautilicones  have  a,  persistent  convex  centra n area  in  the  impressed  zone.  No  annular 
lohes  hiown. 

Gentroceras,  Hyatt.  Devonian  to  CarLonifeimis.  Tetragonoceras,  Wliiteaves. 
Devonian. 


Family  20.  Pleuronautilidae. 

More  or  less  discoidal  nautilicones  vjith  stout  volutions  and  large  umhilical  perfor- 
ations; the  young,  especially  in  primitive  species,  remaining  cyrtoceracones  until  a late 
stage.  2Iore  sgjecialised  shells  are  costated  and,  tuberculated  on  the  sides.  Sutures  have 
annular  lohes  except  in  Pselioceras.  Siphuncle  ventrad  of  centre  in  the  young,  but 
becoming  dorsad,  in  later  stages. 

Pselioceras,  Hyatt.  Pei'iiiian.  Pleuronautilus,  Mojs.  ; Encoiloceras,  gen.  nov. 
Type  E.  (Pleur.)  superbus,  Mojs.  sp.  ; Enoploceras,  gen.  nov.  Type  E.  (Xaut.)  IVnlfeni, 
Mojs.  sp.  ; Anoploceras,  gen.  nov.  Type  A.  (Pleur.)  ampezzanus,  Mojs.  sp.  Trias. 


VII.  Konixckoceratiua. 

Nautilicones  with  biangular  sections  at  an  early  stage  of  growth,  developing  later 
into  modified  trapezoidal  outlines  as  in  many  of  the  Hercoceratida,  but  shells  are  smooth, 
and  the  trapezoidal  form  as  « rule  evolves  during  the  phylogeny  into  gaadrangular,  and 
finally  into  involute  coils  with  compressed  sections,  or  may  become  simply  more  or  less 
trigonal  through  elevation  of  the  venter.  Annular  lobes  present  in  most  genera. 
Aperture  constantly  open,  and  in  some  forms  remarJcable  lateral  projections  are  developed 
during  the  gerontic  stage. 

Family  21.  Koninckoceratidae. 

Shells  of  primitive  forms  similar  to  Ternnocheilus,  but  leading  into  those  with, 
tetragonal  sections,  and  finally  into  highly  compressed  volutions.  All  are  smooth  and 
have  marked  umbilical  saddles.  Volutions  with  broad  umbilical  zones  which  become 
lateral  in  the  more  involute  species.  Siphuncle  ventrad  of  centre. 

Koninckoceras,  Dornatoceras,  Hyatt.  Carboniferous.  Potoceras,  Hyatt.  Devonian  (?). 
Stenopoceras,  Peripetoceras,  Hyatt.  Permian. 

Family  22.  Solenocheilidae. 

Compressed  elliptical  in  section  during  early  stages,  but  full-grown  of  primitive  forms 
and  young  of  specialised  derivatives  have  a more  or  less  trigonal  section  in  neanic  stage. 

> Later  this  stock  evolves  shells  with  volutions  having  depressed  elliptical  or  broadly  hemi- 
spherical outlines.  Sutures  generally  have  large  ventral  saddles,  and  saddles  on  the 
j umbilical  shoulders.  Umhilical  zone  very  broad,  the  increase  by  (growth  of  the  dorsum 

! being  remarkahly  rapid.  Shells  smooth,  but  aperture  in  gerontic  stage  may  develop 

peculiar  lateral  projections,  especially  at  the  umbilical  shoulders,  udiich  are  usually  very 
prominent.  Sipjhuncle  suh-ventran. 

. i Aipoceras,  Oncodoceras,  Hyatt ; AsyrnjAoceras,  Pyckliolt ; Solcnocheilus,  Meek, 

i'  Carboniferous.  Pteronautilus,  ^LeeV  Permian. 

^ Acanthonautilus,  Foord.  Xaiitilicones  Avitli  sub  - liemispherical  volutions,  the 

! , dorsum  flattened  or  concave.  Aperture  develo25ing  laterally  into  two  projecting  sjiines 
■I  at  tire  umbilical  shoulders.  Carboniferous. 
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VIII.  Digoxioceratida. 

Primitive  forms  constantly  retain  depressed  volutions  huviny  a more  or  less  biangular 
or  sulj-friyonal  section  ; specialised  shells  repieat  these  stages  in  the  young,  but  subsequently 
become  more  involute,  and  the  sections  change  to  reniform,  sub-quadrangular,  or  sub- 
clliptical.  Shells  smooth  except  in  the  single  genus  Cymatocerus.  Aperture  simple  and 
open  at  all  stages  : gerontic  living  chamber  only  slightly  contracted. 


Family  23.  Estonioceratidae. 

Gyroceracones  and  discoid.al  nautilicones  having  slightly  depressed,  broad,  rapidly 
increasing  biangular  sections  in  the  young,  but  becoming  depressed,  oval  or  depressed 
sub-trigonal  in  later  stages.  Sipliuncle  variable  in  position. 

Estomoceras,  Xoetl.  Ordovician.  Edaphoceras,  Jtemeleoceras,  Lophoceras,  Hyatt  ; 
iJiodoceras,  gen.  nov.  T}'pe  D.  (End.)  avonensis,  Dawson  sp.  Carljoniferous.  Digonio- 
ceras,  Hyatt.  Jnra. 

Family  24.  Nautilidae. 


Kautilicones  with  more  or  less  involved  volutions,  the  siphuncle  slightly  nummuloidal 
and  variable  in  position,  but  never  near  either  dorsum  or  venter  excepit  in  the  young, 
when  it  is  frequently  either  near  the  dorsum  or  centren.  Biangular  stage  much 
abbreviated  or  absent,  the  trigonal  stage  pnesent  in  most  shells  for  a more  or  less  pro- 
longed period,  but  developing  invariably  by  spreading  of 
the  venter  into  tetragonal,  reniform,  or  hemispherical 
outlines.  Xcrer  decidedly  discoidal,  although  umbilicus 


Fig.  1073. 

Non  til  US  ftoiii  jnl  ins,  Linii. 

Kecoiit.  rrotoconc))  shoving' 
linvar  cicatrix  at  apical  end  (altt*r 
Hyatt). 


Fig.  1074. 

Apical  chamber  and  first 
volution  of  iY.  pompilius^ 
sectioned  longitudinally. 
s,  Siphuncle;  c,  Blind 
origin  of  caecum;  r,  Empty 
space  or  umbilical  perfora- 
tion (after  Branco). 


Fig.  1075. 

Navtibis  intermediuSy  Sowb.  Middle 
Lias  ; llinterweiler,  Wiirtemberg. 


often  open,  2Iore  specialised  forms  have  a 'minute  umbilicus^  aiul  in  some  cases  it  is 
completely  hidden  during  the  epihebic  stage,  although  invariably  opten  in  the  young. 
Zone  of  impression  present  on  the  dorsum  before  the  whorls  are  in  contact.  Annular 
lobes  often  developed  at  an  early  stage,  but  liable  to  disappear  in  the  ad.ult ; absent  in 
some  Tertiary  spiecies. 

Cenoceras,  Hyatt.  Jura.  Cymatocerus,  Hyatt.  Cretaceous.  Eutrepjhoceras,  Hyatt. 
Cretaceous  and  Tertiary. 

Eautilus,  Linn.  (Fig.s.  1073-1076;.  The  young  resemhling  adults  of  Digonio- 
ceras  until  a late  stage,  and  adults  of  primitive  species  (like  N.  umbilicatus)  similar  to  ' 
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Cenoceras.  Sutures  sliglitly  inflected,  with  faint  ventral  lobes  ; annular  lobes  present. 
Volutions  sub-globose,  and  umbilical  jjerforation  comparatively  large. 

Sipliuncle  centren  in  the  apical  camera,  but  later  becoming  ventrad 
of  centre.  Tertiary  (?)  to  Recent. 

Sub-Order  E.  CYRTOCHOANITES.  Hyatt. 

Shells  varying  from  orthoceracones  to  nautilicones,  none  of  them 
highly  ornamented,  although  some  are  anmilated  or  costated,  and  in 
rare  cases  slightly  nodose.  Sutures  as  a rule  simpler  than  in  Ortho- 
choanites.  Siphuncle  varies  eoxeedingly,  passing  from  tubular  in  the 
young  and  even  in  the  full-grown  of  primitive  forms  to  highly  nuvwiu- 
loidal  in  the  adults  of  specialised  genera,  or  again  in  some  groups 
retaining  constantly  its  primitive  character.  The  funnels,  however, 
are  as  a rule  bent  outward  or  crumpled,  and,  generally  short. 

I.  Axnulosiphoxata. 

Mostly  orthoceracones  and  cyrtoceracones,  vnth  a few:  gyroceracones 
and  very  rarely  nautilicones,  the  last-named  being  invaricMy  discoidal.  Apertures 
constantly  open.  Siphuncle  may  be  empty,  but  organic  deposits  when  present  ahcays 
gathered,  about  or  encrusting  the  funnels  as  hollow  or  solid  internal  rings.  Deposits 
sometimes  sufficient  to  form  more  or  less  annulated  endosiphuncles,  the  rings  being  opposite 
the.  camercee,  alternating  with  the  septa,  and  extending  outwardly. 

Family  1.  Loxoceratidae. 

Smooth  orthoceracones  and,  cyrtoceracones  similar  to  Orthoceratidae,  hut  sipjhuncle 
distinctly  nummuloidal,  and  funnels  very  short  and  crumpled.  Deposits  not  uncommon, 
hut  irregular,  and  only  irregular  endosiphuncles  occasionally  formed. 

Loxoceras,  M‘Coy  {Sactoceras,  Hyatt).  IMostly  orthoceracones,  circular  or  ellijitical 
in  section.  Siphuncle  supjDosed  to  be  tulmlar  in  the  young,  but  highly  nummuloidal 
in  later  stages,  centren  or  near  the  centre.  Septa  invariably  single,  and  camerae 
empty.  Ordovician  to  Carboniferous. 

Gcempyloceras,  M‘Coy  {Aploceras,  Hyatt).  Breviconic  cyrtoceracones  or  orthocera- 
cones with  smooth  or  finely  ridged  shells,  circular  or  depressed  elliptical  in  section. 
Siphuncle  centren  or  ventrad  of  centre.  Carboniferous. 

Family  2.  Uranoceratidae. 

Cyrtoceracones,  gyrocerctcones,  and  nautilicones  with  stout  volutions.  Siphuncle  in 
primitive  forms  highly  nummuloidal,  but  invariably  empjty  ; in  nautilicones  it  has  less 
, nummuloidal  seejments,  cmd  is  uniformly  ventrad  of  centre,  but  not  near  the  venter. 

Sutures  ^oith  ventral  saddles,  lateral  lobes,  and  also  dorsal  saddles  in  primitive  forms  as 
' icell  as  the  young  of  all  shells.  Ventral  and  dorsal  lobes  arise  subsequently  in  the 
! ontogeny  of  nautilicones. 

Uranoceras,  Hyatt.  Stout,  more  or  less  breviconic  cyrtoceracones,  compressed 
! , elliptical  or  sub-quadrangular  in  section.  Sutures  with  broad  ventral  saddles,  lateral 
I and  dorsal  lobes.  Siphuncle  large,  nummuloidal,  centren  or  ventrad  of  centre. 
Devonian  and  Carboniferous. 

Gigantoceras,  gen.  nov.  Gyroceracones  similar  to  the  preceding,  but  having  longer 
■ living  chambers  and  more  compressed  volutions.  Includes  the  largest  known  Nau- 
^ tiloid  shells.  Type  G.  (Gyroc.)  inelegans.  Meek  sjj.  Silurian. 


Fig.  1070. 

Nav.tilus  Geinitzi. 
Pictet.  Tithoiiian ; 
Stramberg,  Moravia. 
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Family  3.  Actinocaratidae. 


Drthorirruriiiics  and  cijiioccraconc^  with  aiphnndc  more  .or  h'S.'i  jillcd  Inj  rhu/s  of 
orijanic  dejiosifit^  and  havinfi  an  (’nilosi/ih  ancle  in  the  rentr-al  axis.  Vainerae,  huni  he 

cmjitii  or  filled  to  various  dcfiret’s  ' with  ■ (injanic 
di-posits,  even  to  the  extent  of  sulidiftjiiui  'the  entire 
shell  previou.s  to  (jeroiitic  stiujc.  Shells  'smooth  ' nr 
a nn  a.latcd,  lia.t  not  lonyitadinallij  ridyed,  at  least  in 
the  later  stayes.  . . ■ 

Aetinoeeras,  IL'oiui.  1077,  1078).  Clrtlm-  • 

ceracoiies  and  cyrtocera- 
conesol'  u.'^iiallydi'prej^sed 
(dliplical  section,  with 
large,  exce.ssivcdy  luuii- 
muloidal  si^jluiu'cle. 
Funnels  very  short  and 
Claim] )led,  sheath  almost 
glol Ildar.  Internal  de- 
])osit.s  contracting  the 
central  a.xis  into  an 

Aftilwccrd.s  vcrfehratiim,  Hall. 

Silurian;  Lockport,  New  York. 

Loiigitiulinal  section  sliowinj; 
or<;aiijc  dejiosits  of  siphunele 

(alter  Barrande).  troiil  tlie  amiuli.  Se])ta 

often  douhle,  witli  an 


annulated  endo.sijdiuncle 
with  tnhnli  radiating 


Fig.  1077. 

Art  i It  occros  cnchh'fi  t II  III,  Schloth. 
Silurian ; Gottlaiul.  Abraded  fragment 
showing  single  sei»(a  and  thick,  aumiiated 
endosipliuncle.  Vc* 


inters]iace  lietween  the  two  layer.' 


Fig.  107'.i. 

Artinocrms  (Onnoceros) 

Stokos.  Ordovician  ; Lake  Huron, 
Canada.  Longitinlinal  s»*ction  shr.wing 
organic  <leposits  of  siphunele  partly 
<Ussolved  away  (after  Stokes). 


' near  the  sijihnncle. 


Fig.  lo.so. 

A rt I nororas  (l*d rorf i n nccra.'^) 
ihii'riis,  Barr.  sji.  Silurian 
(E) ; Dvoretz,  Bohemia.  Ver- 
tical section  showing  senile 
stage  without  organic  de- 
posits, ]>receded  by  adult 
stage  with  si]>huncular 
rosettes  (after  Barrande). 


nt  solid  neai'  the  shell. 
Ordovician  to  Carhon- 
iferons. 

Snh-genera : Ormoceras, 
Stokes iFig.  1079j.  Ordo- 
lician  to  Carboniferous. 
I’a  ractiiioceras,  .snb  - gen. 
nov.  (Fig.  1080).  Shells 
and  more  .slender 


Fig.  1081. 

If }( )'  0 n i a r c r t c h r n 1 i s, 
Stokes.  Ordovician ; Isle 
Drunimond,  Lake  Huron. 
Siphunele. 


than  in  tin*  }n'ececling,  ■with  lavge  sipliuncular  segments  confined  to  early  stages,  and  | 
very  long  living  clianil)er.  Type  P,  {Sact.)  canathnse,  liiteaves  sp.  Silni'ian. 

Ciji'tnctiiujch'as^  Type  C.  rehelle,  IlaiT.  sp.  Deirocera^^  Hyatt  ; , 

Hnronid^  Stokes  ^Mg.  IQSl);  Jfiscosorus^  Goniocent.^  Hall.  Silurian.  . ^ 
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(?)  Tretoceras,  Salter.  Orthoceracones  liaviug  a ceiitren  iiummuloidal  .sipliuucle, 
similar  to' that  of  Actinoceras  but  smaller,  and  with  a superficial  tubular  sipliuucle 
(so-called),  having  very  long  .but  not  Holochoanoidal  funnels.  Sheath  not  yet  shown 
to  be  present.  It  is  po.ssible  that  the  structure  referred  to  is  a peripheral  pseudo- 
siphuucle.  formed  by  abnormal  condition  of  the  septa.  Silurian. 

II.  Actinosiphonata. 

Orthoceracones,  cijrtoceracones,  gijroceracones,  and  a few  discoidal  nautilicones.  Shells 
frequently  bfevicdnic,  in  ivhich  case  yerontic  living  chambers  and  apertures  are  more 
highly  contracted  than  in  all  other  Nautiloids.  Siphuncle  sometimes  empty;  organic 
deposits  ivhen  present  in  the  form  of  laminae  radiating  from  the  shmth  of  each  segment 
toivards  the  interior.  These  internal  calcareous  septa  are  united  only  in  their  peripheral 
parts,  not  meeting  at  the  central  axis  so  far  as  hnown,  and  also  liable  to  he  more  or  less 
interrupted  in  the  transverse  plane  of  each  funnel.  The  interior  is  consequently  an 
actiniform  endosiphunclc  tvith  rays  extending  outwardly  between  the  laminae  of  the 
deposits. 

Family  4.  Jovellanidae. 

Orthoceracones  and  cyrtoceracones  ivith  slightly  compressed  oval,  or  depressed  and 
more  or  less  sub-trigonal  sections.  Shells  smooth  or  partially  annulated.  Siphuncle  large, 
with  well-developed  actiniform  lamellae,  and  distinct  endosiphuncles.  Aperture  open  and 
living  chamber  uncontracted  in  gerontic  stage. 

Includes  Jovellania,  Bayle ; Tripleuroceroceras,  Hyatt.  Silurian  and  Devonian. 
Mixosiphonoceras,  gen.  nov.  Type  M.  {Cyrt.)  desolatum,  Barr.  Silurian  and  Devonian. 
Projovellania,  gen.  nov.  Type  P.  (Gyrt.)  athleta,  Barr.  Silurian. 


Family  5.  Rizoceratidae. 


Orthoceracones  and  cyrtoceracones  expanding  regularly  by  growth  throughout  life,  the 
living  chamber  very  slightly  or  not  sensibly  contracted  in  (gerontic  stage.  Aperture  con- 
stantly open,  and  with  slujht  dorsal  as  well  as  somewhat  deeper  and 
broader  hyponomic  sinuses.-  Siphuncle  generally  small  and  empty, 
but  actiniform  lamellae  and  an  endosiphuncle  sometimes  occur.  Shells 
as  a rule  smooth  or  %vith  transverse  bands  only,  but  longitudinal 
striae  often  present  in  earlier  stages. 

Rizoceras,  Hyatt  (Fig.  1082).  Orthoceracones  and  exo-  or  endo- 
gastric  cyrtoceracones  having  circular  or  elliptical  sections.  Living 
chamber  extraordinarily  large  and  long  as  compared  with  camerated 
part.  Silurian  to  Carboniferous. 

Gyrtorizoceras,  gen.  nov.  Sections  more  compressed  than  in 
Rizoceras,  living  chamber  shorter  and  apt  to  be  more  or  less 
laterally  compressed  in  gerontic  stage,  but  the  dorso  - ventral 
diameters  only  very  slightly  so  or  not  at  all.  Sutures  more  sinuous, 
and  with  decided  ventral  and  dorsal  saddles.  Type  G.  (Gyrt.) 
minneapolis,  Clarke  sp.  Ordovician  and  Silurian. 


Family  6.  Ooceratidae. 


Rizoceras  robustiim. 
Barr.  sp.  Silurian  (E) ; 
Butowitz,  Bolieiiiia. 

, Apertur  e open.  i/.>. 

Urthoceracones  and  (jyroceracones  ivith  closely  set  septa  and  large 

iiummuloidal  siphuncle  in  later  stages  of  the  ontogeny,  but  tubular  in  the  young. 
Actiniform  deposits  oft ener  present  than  in  Rizoceratidae,  hut  not  general.  Funnels  very 
variable,  sometimes  minutely  pdicated  or  hook-like  in  section,  confined  to  dorsal  side  of 
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tube,  or  sometimes  absent  altogether.  Living  chamber  short  and  like  that  of  Cyrtorizo- 
ceras ; aperture  not  inf  regaently  sub-trigonal  in  outline,  but  always 
opien. 

Ooceras,  Hyatt  {Oonoceras,  Hyatt),  (Fig.  1083j.  Cyrtoceracoiies 
more  elongated  and  nsually  more  compressed  tlian  in  Cyrtorizoceras, 
but  otherwise  similar  excejit  in  structure  of  sipliuncle.  Septa 
rise  rapidly  on  ventral  side,  and  may  bend  sharply  orad,  forming 
a funnel  ridge  or  shoulder  on  that  side,  but  disai)pearing  on  the 
oj)posite  side  of  the  same  funnel.  When  the  funnel  itself  is 
absent,  the  ridges  look  like  reversed  funnels  or  collars.  Silurian. 

Cyrtoccras,  Goldf.  Large  exogastric,  l)reviconie  cyrloceracones  ; 
sections  depressed  elliiitical  or  ajjproxiniating  to  trigonal,  the 
donsum  more  or  less  Hat,  and  venter  elevated.  A])erture  con- 
tracted in  gerontic  stage  to  a T-shaped  oj)ening,  and  ]>laced  at  an 
acute  angle  with  the  central  axis,  so  that  the  dorsal  side  is  very 
much  shorter  than  the  ventral.  Sqihuncle  large,  nummuloidal, 
with  well -developed  actiniform  lamellae,  and  with  an  endo- 
siphuncle  in  later  stages  of  ontogeny.  Devonian. 

Family  7.  Oncoceratidae. 

A phylogerontic  group  of  breviconic  orfhorerarones  and  cyrloceracones  similar  to 
Cyrtorizoceras,  bat  shells  much  shorter  and  living  chamber  usually  contracted,  especially 
in  their  transverse  diameters  during  gerontic  stage.  Hiphmicle  tubular  or  highly 
nummuloidal,  vdthout  deposits. 

Ercmoceras,  gen.  nov.  Cyrloceracones  similar  to  Cyrtorizoceras,  but  living  chambers 
longer,  and  aperture  more  or  less  Haring  and  open.  Sipliuncle  more  or  less  nummu- 
loidal. Tyjie  E.  (Cyrt.)  syphax.  Bill.  .sp.  Ordovician. 

Cyclostorniceras,  gen.  nov.  Slender,  short,  exogastric  orthocei’acones  and  cyrtocera- 
cones,  circular  or  compressed  in  section.  Living  chamber  as  compared  with  camerated 
jiart  longer  and  larger  than  in  most  forms,  le.ss  contracted,  and  with  ojicn  ajierture  in 
gerontic  stage.  Type  C.  (Pot.)  cassincnsc,  Whitf.  sj).  Ordovician  to  Devonian. 

Oncoceras,  Hall.  Comiiressed  exogastric  cyrtoceracoiies  with  sections  like  Cyrtori- 
zoceras,  but  shells  as  a rule  much  shorter  and  smaller,  and  siiihuncle  more  distinctly 
nummuloidal.  Living  chamber  also  more  Hattenet]  laterally,  the  ajierture  elongated 
and  often  sub-trigonal,  but  typically  open.  Ordovician. 

Sub-genus  ; Meloceras  (Melonoceras),  Hyatt.  Similar  to  the  last,  but  lateral  edges 
of  gerontic  aperture  grow  inwards,  and  form  ]iear-sha2)ed  outlines.  Silurian. 

Family  8.  Poterioceratidae. 

Smooth,  breviconic  orthoccraconcs  and  cyrtoceracoiies  having  circular  or  depressed 
elliptical  sections.  Gerontic  aperture,  except  in  primitive  forms,  is  contracted  and  apt  to 
assume  a sub-trigonal  outline;  it  is  laterally  narrovxd  and  approximates  those  of  the 
next  family  only  in  Streptoccras.  Outlines  of  aperture  entire;  sutures  straight  or  only 
slightly  sinuous.  Siphuncle  in  this  and  remaining  families,  so  far  as  hnovm,  slightly 
nummuloidal  and  empty  in  the  young,  but  becomes  larger ; in  specialised  forms  it  is  ajjt 
to  be  more  or  less  filled  icith  radiating  lamellae,  and.  in  late  stages  has  an  endosiphuncle. 

Clinoceras,  Maseke.  Ordovician  to  Devonian.  Sycoceras,  Pictet.  Devonian. 

Poterioceras,  M‘Coy  ( Apioceras,  Fischer  ; Acleistoceras,  Hyatt).  Orthoceracones  and 
exogastric  cyrtoceracoiies,  short  and  stout,  with  sub-trigonal  gerontic  aperture.  Brachial 
area  not  decidedly  ditferentiated  from  the  hyponomic  sinus,  and  contraction  may  take 
place  in  all  diameters  or  more  extensively  in  the  lateral.  Ordovician  to  Carboniferous. 


Ooceras  (Ci/rt.)  Baylei, 
Barr.  sp.  hJilurian  (E) ; 
Lochkow,  Bohemia 
(after  Barrande). 
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Streptoceras,  Bill.  Like  tlie  last  but  more  arcuate,  with  laterally  contracted 
aperture,  and  a short  hyjjoiiomic  sinus  distinct  from  the  brachial  area.  Silurian. 


Family  9.  Trimeroceratidae. 


Smooth  hreviconic  orthoceracones  and  cijrtoceracones  similar  to  Poterioceras  in  aspect 
and.  sutures,  but  more  slender,  especially  in  the  youny,  and  aperture  very  distinct  in 
primitive  forms.  Even  the  latter  usually  have  brachial  distinctly  marked  off  from 
hyponomic  area  by  ingroxoth  of  sides  of  the  aperture,  and  in  all  specicdised  shells  the 
Imjponomic  sinus  and  special  inflections  knoxun  as  “brachial  sinuses”  are  formed  by  bases 
of  the  arms  on  edges  of  brachial  area.  Finally,  the  aperture  becomes  reduced  to  a more 
or  less  Y-  or  T-shaped  figure,  xvith  an  open  semicircular  sinus  at  the  end  of  the  hyponomic 
slit  or  area,  and  similar  sinuses  in  the  edges  of  the  brachial  slit,  corresponding  to  the 
number  of  arms.  All  Silurian. 


Mandaloceras,  Hyatt  {Dimorion,  Barr.),  (Fig.  1084).  Dili'ers  from  Poterioceras  in 
the  gerontic  aperture,  which  is  laterally  contracted,  and  has  hyponomic  and  brachial 

areas  distinctly  differentiated  in  all  but  the  most  j)rimitive 
species.  More  specialised  forms  have  these  areas  narrowed 
down,  but  special  sinuses  are  not  formed. 


Fig.  1085. 


Fig.  1084. 

Mandaloceras  (Gompli.)  Boheniicim,  Barr.  sp.  Silurian  (Etage  E); 
Dvoretz,  Bohemia.  A,  Side  view  of  conch.  B,  Aperture. 


Tctrameroceras  Panderi,  Barr, 
.sp.  Silurian  (E)  ; Uvoretz, 
Bohemia.  i/i  (after  Barrande). 


Trimeroceras,  Hya-tt  ffrimorion,  Trimeres,  Barr.);  Pentameroceras ; fieptameroceras, 
Hyatt.  Silurian.  Aperture  in  the  first  has  a median  and  two  Ijrachial  ; in  the 

second  a median  and  four  brachial ; and  in  the  last  a median  and  six  brachial 
sinuses. 

Hcmiphragmoceras,  gen.  nov.  Compressed  endogastric  cyrtoceracones  having  a 
narrowed  hyponomic  area  like  Phragmoceras,  but  with  l)rachial  areas  as  in  Dimeroceras. 
Type  p[.  (Phrag.)  pusillum,  Barr.  sp. 

Tctrameroceras,  Hyatt  {Tetramorion,  Tetrameres,  Barr.),  (Fig.  1085).  Like  the  last, 
but  with  more  highly  contracted  aperture  and  four  lateral  sinuses. 

Hexarneroceras,  Hyatt.  Brachial  area  with  six  lateral  sinuses.  Octameroceras,  gen. 
nov.  Brachial  area  with  eight  lateral  sinuses.  Type  0.  {Phragni.)  caUistoma,  Barr.  sp. 


Family  10.  Phragmoceratidae. 

Smooth  breviconic  cyrtoceracones  and  gyroceracones  rapidly  expanding  by  growth  in 
their  dorso-ventral  diameters,  cmd  having  open  apertures  only  in  primitive  types  or  the 
young  cmd  ephebic  stages  of  more  specialised  forms.  In  the  latter  gerontic  apertures  are 
laterally  contracted  and  have  a very  long  hyponomic  area  terminated  by  a large 
hyponomic  sinus.  The  brachial  area  may  be  more  or  less  open  and  elliptical.  Or 
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nurroKcd  mid  fransversi’hi  elonguti'd,  hut  almtijs  ]ias  an  entire  outline.  Sijdnmcle 

(leneniUif  large,  nurnrnuloidal,  and  often  has  uctiniforin 
lamellae  and  cndo.sijdiuncles  in  later  stage.‘<.  Shells  mostly 
endogastric. 

Codoceras,  gfii.  iiov.  Excessively  short  and  rajiidly 
expanding  cyrtoceracones  like  some  species  of  Rizoceras, 
Init  M'itli  large  living  chambers,  narrow  venter,  and  large 
sijihuncle  just  ventrad  of  centre.  Aperture  constantly  open. 
Tyi>e  V.  (Cyrt.)  indomit urn,  Barr.  s]>.  Silurian. 

Rrotiiphragmoceras,  gen.  nov.  (Fig.  1086).  Similar  to 
the  last,  but  form  more  compre.ssed,  and  siphuncle  near  the 
venter  (internal).  Differs  from  Phragrnoceras  in  having 
aperture  open  throughout  life.  Type  P.  (Cyrt.)  Murchisoni, 
Barr.  s]>.  Siluiian. 

(Jornphoceras,  Sowb.  Stout  .short  orthoceracones  and 
cyrtoceracones  similar  to  some  sjiecies  of  J’hragrnoceras,  but 
.straighter,  stouter,  and  less  compressed  in  form,  and  gerontic 
a])ei'ture  less  contracted  laterally.  Hyjionomic  sinus  shorter, 
and  curvatui'e  exogastiic.  Ordovician  and  Silurian. 

Phraginoceras,  Sowb.  (Figs.  1087,  1088).  Compressed 
endogastric  cyrtocei'acones  and  gyroceiacones,  oval  in  section,  and  venter  narrowly 


Fiu.  loso. 

Prutoph  ragmoceras  .U» rcJi ison  i, 
Barr.  s]>.  Sil\uiaii  (E) ; Eiicli- 
kow,  Biiliemia.  i/.>. 


l-'ui.  10S7. 

Phnigmoccrns  llrodn  ipi,  Barr.  Silurian  ("fetage  E) ; Lockliow,  Bulieniia. 
i',;  (after  Barraiule). 


Fig.  loss. 

}Ui  ragmoceras  Lnveni, 

Barr.  Silurian  (E) ; Loch- 
kow,  Bolieiuia.  Section 
showing  lamellar  organic 
depo.sits  (after  Barrantle). 


rounded.  Sijihuncle  large  and  near  the  venter  (internal;.  Gerontic  aperture  much 
contracted  laterally,  the  hyponomic  area  very  long  and  narrow.  Silurian. 


Incertae  Sedis. 

Xothoceras,  BaiT.  lleiiresented  by  the  single  sjiecies  X.  hohemicurn,  Barrande,  in 
which  the  sejitum  turns  orad,  forming  an  inverted  funnel.  This  tunnel  connects  with 
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a more  or  less  inflated  slieatli  tliat  closed  the  sipliuncle,  and  connected  it  with  the 
distal  opening  of  the  next  succeeding  septum,  thus  completely  reversing  the  relative 
positions  of  funnels  and  sheaths  in  other  forms.  The  ap2iearances  as  descriljed  hy 
Barrande  are  not  deemed  sufficient  to  }jrove  tlie  truth  of  this  statement,  and  it  is 
unsafe  to  accepit  it  absolutely  until  the  develo2)iiient  has  been  studied.  The  cavity  is 
divided  by  radiating  lamellae  running  longitudinally  as  in  the  Actinosvphonata. 


Range  and  Distribution  of  the  Nautiloidea. 

Fossil  Nautiloidea  have  been  recorded  by  Billings  as  occurring  in  Canada  earlier 
than  the  Quebec  Group,  but  his  statement  lacks  confirmation.  An  abundant  Cep)halo- 
podan  fauna  makes  its  appjearance  in  the  earliest  Quebec  or  Calciferous,  and  is  quite 
distinct  from  other  later  assemblages.  Dipliragmoceras  and  other  orthocera cones  and 
cyrtoceracones  with  very  peculiar  siphuncles  occur  here,  Imt  gyroceracones  and  nautili- 
cones  are  absent.  However,  the  information  we  have  at  piresent  of  this  fauna  is 
limited,  and  l>ut  few  pjositive  conclusions  can  Ije  drawn. 

All  the  sulj-orders  of  Nautiloidea  are  initiated  in  the  Ordovician,  and  one  of  them, 
Schistochoanites,  is  confined  to  this  period.  Holochoanites  and  Mixoclioanites  become 
extinct  in  the  Silurian,  and  only  Orthochoanites  survive  the  Palaeozoic.  The  suit- 
orders  that  disapjptear  at  this  early  date  are  remarkable  for  their  complicated  siptlum- 
cular  structure,  and  peculiar  sigmoidal  septta  observed  in  the  gerontic  living  chamliers 
of  certain  forms  (Ascoceras,  Gonioceras),  while  their  ptrevailing  habit  is  gyroceraconic. 
The  sigmoidal  sepjta  do  not  become  complicated  in  correlation  with  closer  coiling  of  the 
shell,  but  occur  in  cyrtoceracones  correlating  with  highly  comptressed  cones,  and  in 
ortlioceracones  correlating  with  strongly  depiressed  cones. 

The  older  classifications  recognised  the  straight  orthoceracones,  curved  cyrtocera- 
cones, loosely  coiled  gyroceracones,  and  more  closely  coiled  naiitilicones  as  distinct 
natural  divisions.  Although  it  is  pjossible  to  enipiloy  tlie  habit  of  cun^ature  in  con- 
junction with  family  groirps  as  a convenient  means  tor  tracing  laws  of  distrilmtion  and 
the  like,  yet  for  more  accurate  data  the  genera  must  be  considered  indepiendently. 
For  instance,  some  families  made  upj  largely  of  gyroceracones  and  nautilicones  also 
contain  a few  orthoceracones  and  cyrtoceracones,  and  tliese  have  to  be  neglected  in 
estimating  the  relative  pDropjortions  of  straight  and  coiled  conchs.  Other  sources  of 
error  are  presented  by  sp^oradic  uncoiled  or  gerontic  forms  which  occur  in  families 
having  coiled  shells.  In  a general  way,  however,  it  is  pios.sil>le  to  state  the  morp)hic 
succession  as  follows  : — 

Orthoceracones,  togetlier  with  their  almost  invariably  associated  cyrtoceracones 
exceed  gyroceracones  in  the  Quebec  in  the  p>rop)ortion  of  three  families  to  one,  and  this 
horizon  contains  but  one  family  of  closely  coiled  nautilicones,  and  one  of  the  uncoiled 
or  gerontic  type.  In  the  Ordovician  are  found  no  less  than  fourteen  families  having 
straight  or  apipu'oximately  straight  shells,  as  against  seven  families  of  gyroceracones  and 
nautilicones.  Thereafter  until  toward  the  close  of  the  Palaeozoic,  the  psrop)ortions  of 
straight  and  coiled  forms  remain  apjpsroximately  equal.  The  Permian  has  l>ut  one 
surviving  family  of  orthoceracones,  and  four  of  the  coiled  groups  ; in  the  Trias  the 
ratio  is  one  to  six,  and  in  the  Jura  coiled  forms  alone  persist.  Thus,  a slowly  working 
tendency  is  apjparent,  leading  to  the  piroduction  of  more  and  more  closely  coiled  cones, 
and  the  elimination  of  straight  and  slightly  curved  forms.  Gyroceracones  disapipiear 
with  the  Carboniferous,  and  the  more  discoidal  nautilicones  with  the  Trias. 

Some  curious  features  are  presented  by  the  pjhylogerontic  or  uncoiled  shells.  Only 
one  family,  the  Silurian  Lituitidae,  have  all  the  genera  micoiled  save  the  pu’obable 
ancestral  close-coiled  typ^e.  Other  families  have  isolated  genera  or  spjecies  exhiliiting 
similar  tendencies,  and  becoming  partially  uncoiled  during  their  later  stages,  although 
close-coiled  in  the  young.  Such  forms  occur  throughout  the  Devonian,  luit  none  have 
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yet  been  found  in  the  Carboniferous,  where  uncoiling  of  the  volutions,  when  it 
occurred,  took  place  earlier  than  the  gerontic  stage.  From  the  Mesozoic  and  later 
horizons,  no  species  is  known  in  which  the  gerontic  stage  is  to  the  slightest  degree 
uncoiled. 

Torticones  are  more  aberrant  than  any  other  conchs,  and  may  be  best  classified  as 
jdiylogerontic  forms,  since  tendencies  toward  unsymmetrical  development  of  the 
volutions  occur  in  the  gerontic  stage,  and  are  genetic  in  but  a few  genera,  where  they 
aj)pear  during  the  early  stages  and  are  preceded  so  far  as  known  l)y  a symmetrical 
■\'olution.  The  first  manifestation  of  torticones  is  in  the  Ordo\'ician,  and  their  acme  is 
attained  during  the  Silurian.  As  regards  ornamentation,  annnlated  shells  ajipear  in 
the  Calciferous,  and  those  witli  longitudinal  ridges  later  in  the  Ordovician,  together 
with  tuberculated  and  costated  gyroceracones  and  nautilicones.  The  last-named,  how- 
ever, are  much  more  abundant  in  the  De^'onian  and  Carboniferous,  after  which  they 
disappear.  Very  highly  ornamented  shells  exist  in  the  Trias,  but  following  this 
period  the  conchs  are  smooth. 

Very  striking  is  the  marwllously  sudden  rise  of  the  Nautiloidea  as  a group, 
reaching  its  maximum  in  the  Silurian,  and  followed  by  a decline  extending  from  the 
Devonian  to  the  Tifas.  Then  the  ibrces  acting  unfavourably  upon  their  existence 
were  arrested,  or  their  violence  lessened,  and  the  group  has  lieen  att'ecvted  hy  only  very 
slight  changes  and  an  exceedingly  slow  proce.ss  of  retrogre.ssion  until  the  present  time. 
The  acme  of  sijjhuncular  differentiation  occurred  in  the  Ordovician,  of  general  morphic 
di  versify  in  the  Silurian,  of  ornamentation  in  the  Devonian,  and  of  sutures  in  the 
Trias. 

(.Teograj)hically  considered,  some  facts  of  distribution  are  of  general  interest.  The 
fauna  of  the  Quebec  or  Calciferous,  which  in  Newfoundland,  Canada,  Vermont,  and 
the  vicinity  of  Poughkeejisie,  New  York,  is  rich  in  fos,sil  remains,  is  represented  by 
but  a few  camerated  conchs  in  the  Duiaiess  Limestone  of  Scotland.  Holochoanites  and 
Schist ochoanites  are  most  jdentifully  rejiresented  in  the  American  faunas,  but  Mixo- 
choanites  very  sparsely  so,  at  least  as  com2)ared  with  the  Ordovician  and  Silurian  of 
Bohemia.  The  same  is  true  of  the  Lifuifidne,  Ojdndioceratidac,  and  Hercoceratidae 
among  Orthochoanifes,  and  of  the  Juvelluiiidae,  Trimcroccratidae,  and  kindred  families 
among  the  Cijrtochoanites.  The  Devonian  and  Carboniferous  faunas  of  America  and 
Eurojje  are  nearly  on  a j)ar,  but  the  Permian  and  Trias  of  the  western  hemisphere  are 
very  deficient  in  Nautiloid  remains.  The  Jurassic  faunas  of  America  have  so  far 
yielded  but  one  sjiecimen  of  a Nautiloid,  but  they  were  j)robably  i)resent  to  some 
extent,  since  they  are  rejiresented  in  the  Cretaceous  of  this  country.  During  the 
Cretaceous  and  Tertiary  the  2)rincipal  distribution  of  the  Nautilidae  was  in  the 
eastern  hemisphere,  and  the  last  surviving  sjiecies  of  Nautilus  are  now  restricted  to 
oriental  waters.  The  accompanying  table  shows  the  range  of  the  leading  Nautiloid 
families. 

[The  llercoccTcdidac  occur  in  the  Devonian,  and  not  in  the  Silurian  rocks,  a.s  is  .stated 
through  an  oversight  on  ]>age  524.] 
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TABLE  SHOWING  VERTICAL  RANGE  OF  THE  NAUTILOIDEA. 


Families. 


I.  Holochoanites 

1.  Dipliragniidae  . 

2.  Endoceratidae  . 

3.  Cyrteiidoceratidae 

II.  Mixochoanites 

1.  Ascoceratidae  . 

2.  Mesoceratidae  . 

III.  SCHISTOCHOANITES 

IV.  Orthochoanites 


o 

a 


1 . Ortlioceratidae . 

2.  Cyclooeratidae  . 

3.  Kionoceratidae . 

4.  Tarphyceratidae 

5.  Trocholitidae  . 

6.  Plectoceratidae 

7.  OpLidioceratidae 

8.  Lituitidae 

9.  Grypoeeratidae 

10.  Clydoiiautilidae 

11.  Halloceratidae  . 

12.  Ryticeratidae  . 

18.  Rliadinoceratidae 

14.  Trigonoceratidae 

15.  Triboloceratidae 

16.  Rhineoeratidae 

17.  Hercoceratidae . 

18.  Tainoceratidae  . 

19.  Ceutroceratidae 

20.  Pleiironautilidae 

21.  Koninckooeratidae 

22.  Soleiiocheilidae 

23.  Estonioceratidae 

24.  Nautilidae 

V.  CTRTOCHOANITE.S 

1.  Loxoceratidae  . 

2.  Uranoceratidae 

3.  Actinoceratidae 

4.  Jovellaiiidae 

5.  Rizoceratidae  . 

6.  Ooceratidae 

7.  Oncoceratidae  . 

8.  Poterioeeratidae 

9.  Trimeroceratidae 

10.  Phragmoceratidae 
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Order  2.  AMMONOIDEA.^ 

Shells  similar  to  those  of  Nantiloidea  in  some  j)rmutivc  Palaeozoic  (jroujis,  hut 
these  give  rise  to  others  uith  more  highhi  ornamented  shells,  the  apertures  of  which 
have  ventral  rostra  instead  of  Injponoinic  sinuses.  Sutures,  as  a rule,  have  ventral 
lohes  in  the  later  stages  of  ontogeiig ; the  inflections  become  more  numerous  than  in 
Nautdoids  even  in  Ped neozoic  genera,  and  their  outlines  during  the  Mesozoic  are 
extremclg  cornpilex.  Siph uncle  inrariahh/  small,  and  {except  in  Gastrocampijli) 
situated  near  the  renter.  Funnels  short,  monochoa)iitic  in  jirirnitive  forms,  hut 
hecorning  dip>lochoanitic  during  the  Pcdaeozoic,  and  as  a rule,  chloiochoanitic  during 
the  Mesozoic. 

The  ontogeny  liegins  ivitli  a calcareous  ju'otoconcli,  the  apical  stage  of  the 
conch  lieing  an  open  neck  built  in  continuation  of  the  permanent  aperture  of 
the  protoconch.  The  first  septum  is  concave  as  in  Nautiloids,  and  sutures  are 
straight  or  have  more  or  less  of  a saddle  ou  the  venter.  Young  stages  of 
Mesozoic  shells  recapitulate  the  jrrimitive  characters  of  Palaeozoic  forms.  The 
aperture  was  closed  when  the  animal  was  retracted  by  a single  horny  plate 
{unapt gchns)  or  pair  of  calcareous  jdates  {apti/chus),  i)robably  secreted  by 
muscular  lobes  homologous  with  the  hood  in  Xautilus. 

Shell  Characters. — There  are  apj)arently  no  characters,  not  even  the  presence 
of  a calcareous  jrrotoconch,  which  can  lie  relied  upon  to  separate  Bactrites  from 
the  orthoceraconic  Nautiloids.  Nevertheless,  the  jiosition  of  the  siphuncle  and 
its  jieculiar  funnels  are  features  which  seem  to  place  this  form  with  true 
Palaeozoic  Ammonoids.  There  is  but  one  series  of  straight  shells  among 
Aramonoids,  and  these  are  obviously  not  the  same  as  orthoceracones,  but  are 
more  jiroperly  called  hactriticones  (Fig.  1120).  Similarl}',  the  loosely  coiled 
Mirnoceras  shells  (Fig.  1121)  are  not  gyroceracoiies,  but  only  their  morphic 
eijuivalents  in  a ditlerent  genetic  stock  ; hence  the  term  mimoceracone  should 
be  substituted  for  gyroceracone.  In  the  same  sense  the  closely  coiled  sym- 
metrical shells,  comparable  in  external  aspect  and  intimate  structure  with 
nautilicones,  shoidd  lie  described  among  Ammonoids  as  arnrnoniticones.  The 
term  torticonc,  however,  can  be  conveniently  apjilied  to  both  groups,  since  it 
does  not  connote  any  special  structures,  but  is  a general  name  for  call  asym- 
metrical spirals. 

Amnioniticones  in  many  Palaeozoic  forms  are  mimoceracones  during 
nepionic  stages,  and  consequently  in  later  stages  a perforation  is  present 
jiassing  through  the  umbilicus  as  in  Nautiloids.  However,  in  most  Carboni- 
ferous and  all  later  amnioniticones,  the  coiling  is  so  close  even  at  the  beginning 
of  the  conch,  that  the  jirotoconch  is  closely  enwi’apjied  by  the  first  volution, 

^ Besiile.s  tlie  works  cited  ou  pp.  502-505,  the  following  may  l>e  protitalily  consulted  : — Huckman, 
S.  S.,  Divisions  of  .so-called  .Jura.ssic  Time  (Quar.  Journ.  Geol.  Soc.,  LJV.),  1898. — (Jlarke,  J.  M.,  The 
Naples  Fauna  (16th  Ann.  Rep.  N.Y.  State  Geologist),  1898. — CV/c/r,  (J.  (J.,  Mn.scular  Attachment  of  the 
Animal  to  its  Shell  in  Ammonoidea  (Trans.  Linn.  Soc.  [2],  YII.),  1898. — ])iener,  C.,  Cephalojioda  of 
the  Muschelkalk  (Mem.  Geol.  Survey  India,  .scr.  XV.,  Himalaya  Fossils,  II.),  1895. — Huvg,  E., 
iltudes  sur  les  Goniatites  (Mem.  Soc.  Geol.  France,  Paleont.,  VII.),  1898. — Levi,  G.,  Fossili  degli 
strati  a Terehratula  aspasia  (Boll.  Soc.  (ieol.  Italia,  XV.),  1895. — Paronu,  C.  F.,  and  Bunardli,  G., 
F.anne  du  C'allovien  inferienr  (C'lianazien)  de  Savoie  (MGii.  Acad.  Savoie,  VI.),  1897. — Semenoff,  B., 
Aiiwendung  der  statistischen  Methode  zum  Studinm  der  Vertheilung  der  Ammoniten  (Ann.  Geol. 
Mineral.  Russie,  II.),  1897. — Smith,  ./.  Development  of  Lytoceras  and  Phylloceras  (Proc.  Calif. 
Acad.  Sci.  [.3].  I.),  1898. — Chopin,  P.,  Les  Ammonees  dn  Bellasien,  des  Conches  a Neolobites  Vibra- 
yeauus,  du  Turonien  et  du  Smionien.  Faune  cret.  du  Portugal,  vol.  1.  ser.  II.,  1898. — .lacksnn,  R.  T., 
Localised  Stages  of  Development  in  Plants  and  Animals  (Mem.  Bo.ston  Soc.  Nat.  Hist.  V.),  1899. 
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and  no  perforation  is  visible  even  under  a magnifier.  There  are  two  pits, 
however,  one  on  either  side  of  the  apical  end  of  the  conch,  which  remain  as 
remnants  of  this  perforation,  and  are  present  in  all  ammoniticones  (except 
perhaps  certain  Gastrocampijli).  The  bactriticone  obvioiislj^  represents  the 
primitive  or  primary  radical  of  the  AmmonoicJea,  and  the  mimoceracone  the 
next  or  secondary  radical  of  this  order. 

Ammoniticones  of  the  MicrocwmpijU  introduce  a peculiar  form  of  volution, 
the  anarcestean  (Fig.  1122),  which  is  depressed  and  crescentic  in  section,  and 
may  be  regarded  as  the  Tertiary  radical.  These  forms  evolve  a series  becoming 
more  involute  and  compressed  (Fig.  1123),  and  some  with  elevated  or  narrow 
venters  and  well-defined  lateral  zones  (Fig.  1124),  but  still  retaining  in  the 
young  more  or  less  of  the  anarcestean  aspect.  The  Gast rocampyU  have  a few 
radical  forms  of  similar  aspect  and  with  somewhat  similar  sutures  (Fig.  1116) ; 
they  then  produce  a series  of  compressed  discoidal  shells  having  cordiform  or 
quadrate  sections  (Figs.  1 1 1 7-1 1 19),  and  these  also  develop  involute  forms 
among  specialised  sjiecies.  The  Mesocampj/li  and  GJossocampijli  have  a similar 
history,  but  in  the  Enrijcampyli  coronate  or  gastrioceran  form's' (representing  a 
quaternary  radical)  with  trapezoidal  section  and  broad  venter  become  common 
in  the  ephebic  stages  (Fig.  1132).  The  primitive  radical  forms  of  the 
anarcestean  ammoniticones  are  replaced  among  the  PhyllocampyU  liy  the 
smooth,  discoidal,  compressed  quinary  radical,  or  prolecaniteau  type  (Fig.  1 155). 
This  appears  among  the  adult  Gustrocampyli,  although  with  distinct  sutures, 
and  is  also  found  among  the  DiscocampyU.  In  the  more  specialised  sub-orders, 
the  anarcestean  type  reappears  only  during  the  young  stages.  These  last  two 

A B 


radicals  persist  into  the  Jura  and  Cretaceous,  but  exhibit  more  complex  sutures 
and  other  progressive  structural  changes  in  their  ephebic  stages. 

Phylogerontic  series  (Phabdoceras,  Cochloceras)  make  their  appearance  in  the 
Upper  Trias,  become  more  abundant  in  the  Jura,  and  still  more  important 
during  the  Cretaceous.  They  have  their  own  peculiar  radicals,  sometimes 
found  among  discoidal  and  again  among  more  involute  shells,  but  for  the 
most  part  they  do  not  originate  from  smooth  shells. 

The  same  descriptive  terms  are  used  for  shell  characters  among  Ammonoids 
as  among  Nautiloids  (see  p.  512  et  seq.).  Obviously  the  first  stage  of  the 
conch  was  that  of  a living  chamber,  the  protoconch  being  without  internal 
septa  or  siphuncle  (Fig.  1101).  Then,  after  building  out  the  usually  flattened 
neck  or  apical  jiart  of  the  conch,  the  animal  rested,  and  the  first  sejituni  as 
well  as  the  caecum  (or  incipient  stage  of  the  siphuncle)  was  secreted.  The  first 


Asellate  protoconch  of  Gephyroceras  calculi- 
forme,  Beyr.  sp.  Upper  Devonian  ; Biidesheim, 
Eifel.  A,  Viewed  from  in  front.  B,  From  the 
side  (after  Branco). 


Fig.  1090. 


Latisellate  sta^e  of  Arccsies  cymhifonnis,  Wulfen  sp. 
Trias ; Aussee,  Austria.  A,  Viewed  from  in  front. 
B,  From  tlie  side  (after  Branco). 
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septum  closed  the  aperture  of  the  protocouch,  and  the  caecum  projected  into 
its  interior.  The  caecum  is  connected  with  the  internal  surface  of  the  proto- 
conch by  bands  (Figs.  1101,  1102),  or  semiconical  prolongations,  described 

by  IMunier-Chalmas  as  the  prosiphon.  But 
these  bands  are  of  various  shapes,  are  not 
connected  with  the  interior  of  the  caecum, 
and  appear  to  lie  merely  calcareous  supports 
for  the  bottom  of  the  caecum.  The  earliest 
sutures,  described  in  a masterly  way  by 
Branco,  are  divided  by  him  into  three  classes  : 
asellate,  lafiseUafe,  and  angustisellate  (Figs. 
1089-1091).  The  first  cross  the  venter  as  a 
straight  line  or  very  slight  saddle,  and  are 
present  only  in  the  ephebic  stages  of  Ci/rfoch/menia  (?)  and  in  the  mimoceran 
stage  of  the  3Iicrocamp>/li.  In  all  except  primitive  forms  it  is  confined  (as  are 
most  of  the  purely  nautiloidean  characters)  to  the  first  septum.  The  latisellate 
stage  is  characterised  by  a decided  broad  saddle  on  the  venter,  with  corre- 
sponding deeper  and  broader  lobes  on  the  sides.  The  angustisellate  stage  has 
prominent,  sometimes  almost  sub-acute  ventral  saddles  with  corresponding  deep 
lateral  lobes,  accompanied  by  definite  saddles  at  the  umbilical  depressions. 

The  last  two  stages  are  progressive  modifications  confined  to  the  larvae  of 
Ammonoids,  and  are  not  present  in  the  ephebic  stages  of  any  known  species. 
The  asellate  condition  of  the  first  septum  is  found  in  the  ananepionic  stage  of 
one  species  of  the  Gastrocampijli,  according  to  Branco,  but  his  figure  shows  a 


Fig.  lOiil. 

Angustisellate  stage  of  Phxjlloceras  hetero- 
'pliyllum,  Sow.  sp.  Lias. 


saddle  on  the  venter. 
Eurgcampijli  also  in 
some  primitive  De- 
vonian genera,  but 
latisellate  in  others, 
and  angustisellate 
in  the  Trias.  The 
embryos  of  primi- 
tive Fhyllocampi/li 
are  unknown,  but 
the  Triassic  Lohi- 
fklae  and  Arcesfidae 
are  latisellate,  while 
the  Cladiscitidae  and 
the  Phi/llocerafidae 
are  angustisellate 
The 


The  MkrocampyU  and  Mesocampyli  are  asellate,  and  the 


throughout. 


Fig.  1092. 

.1,  Development  of  sutures  in  a latisellate  Goniatite  (Glyphioceras  dimUma, 
Goldf.  sp.).  Carboniferous  Limestone  ; Choquier,  Belgium.  B,  Same  in  a latisel* 
late  Ammonite  {Tropites  suhhullafns.,  Hauer).  C,  Same  in  an  angustisellate 
Ammonite  (all  after  Branco).  Sutures  of  the  tirst  volution  are  lettered  con- 
secutively from  Q tol\  those  of  the  second  from  m to  s. 


embryos  of  Discocainpjjli  are  almost  unknown,  but  are  supposed  to  be  latisellate, 
with  the  exception  of  the  highly  specialised  Pinacoceratidae,  which  are  angusti- 
sellate. The  remaining  sub-orders  are  wholly  Jurassic  and  Cretaceous,  and  so 
far  as  known,  the  first  septa  are  angustisellate. 

Sutures.'^ — The  second  sejitum  (Fig.  1092)  in  all  but  the  most  primitive 


' [The  nomenclature  commonly  in  vogue  de.siguates  the  .sutural  inflections  as  follows : — The  ventral 
or  external  lobe  is  hounded  on  either  side  of  the  mesal  plane  hy  the  large  first  or  superior -la.teral 
saddle.  This  is  followed  by  the  first  or  superior-lateral  lobe,  and  then  come  the  second  or  inferior- 
lateral  saddle  and  lobe  in  the  order  named.  All  additional  inflections  occurring  between  the  second 
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Fig.  1093. 

Suture  - line  of  Ci/rto- 
clymenia  laevigata, 
Miinst.  Devonian. 


L EL 
Fig.  1094. 

Suture-line  of  Anareestes  suhnautilimis,  Sclilotli. 
sp.  Devonian. 


LS 


ES 


Lb-i 


LS 


ES 


Kf 


I,  EL 
Fig.  1095. 

Suture -line  of  Brancocems  sul- 
catus,  Miinst.  sp. 


al'2  alt  I 


Fig. 


L 

1096. 


EL 


Devonian. 


Left  half  of  suture-line  of  Ceratites  nodosus, 
de  Haan.  Trias. 


forms  becomes  divided  by  an  entire  azygous  lobe  on  the  venter,  often  termed 
the  “ siphonal  lobe,”  but  herein  after  referred  to  as  the  ventral  lohe,  and  by 
a smaller  azygous  lobe  (shown  to  the  left  in  Fig.  1092,  A-C)  on  the  dorsum, 
usually  termed  the 
antisiphonal.  This  un- 
divided ventral  lobe 
(Figs.  1094,1095,  EL) 
persists  throughout 
the  Microcampyli  so 
far  as  known,  and  is 
obliterated  by  a secondary  ventral  saddle  only  in  the  Gashocampijli.  It  is 
present  throughout  the  ontogeny  of  the  simplest  or  radical  forms  of  Eurij- 

campyli,  Glosso- 
campyli,  and 
Fliyllocampyli.  But 
in  the  Devonian 
Mesocampyli  and 
Triassic  Disco- 
campyli,  shells 
having  undivided 

ventral  lobes  have  not  been  recorded  ; in  the  TiroUtidae  but  one  such  species  has 
been  doubtfully  described.  This  class  of  radicals  is  replaced  in  these  sub-orders 
by  those  having  the  ventral  lobe 
divided  by  a small  saddle  usually 
called  the  ventral  or  siphonal 
saddle  (Fig.  1097,  m).  The  class 
of  radicals  having  entire  ventral 
lobes  disappears  before  the  close 
of  the  Trias. 

The  entire  antisiphonal  lobe 
has  a more  extensive  distribution 
than  the  entire  ventral  lobe,  being 
present  throughout  the  ontogeny 
of  Microcainpyli,  Gastrocampyli,  and 
Mesocampyli.  Most  of  the  Eury- 
campyli  have  this  lobe  entire,  but 
it  becomes  bifid  in  the  later  stages 

of  specialised  forms.  The  radicals  of  Glossocampyli  have  it  entire,  but  in 
specialised  genera  it  becomes  bifid  or  even  trifid.  It  is  known  to  be  entire 
in  only  a few  of  the  Lecanitidae,  and  is  bifid  in  most  of  the  Discocampyli  and 
PhyUocampyli,  besides  having  for  the  most  part  entire  sides.  It  is  also  entire 
in  some  phylogerontic  species  of  the  Trias.  In  the  Leptocampyli  it  is  generally 
bifid,  but  may  be  trifid  or  irregular  in  some  species,  and  is  accompanied  by  an 
extraordinary  growth  of  two  of  the  branches  inwards  in  a large  number  of 
forms.  In  Jurassic  and  Cretaceous  Ammonoids,  it  is  as  a rule  more  or  less 


Fig.  1097. 

YUghtsutuveAme  of  Coronicerashisulcatum,  Brag.  Lias.  7», 
Siphonal  saddle  ; n,  Line  of  involution.  EL,  Ventral  (also 
called  siphonal  or  external)  lobe,  traversed  by  the  siphimcle. 
L,  First  or  superior-lateral  lobe  ; I,  Second  or  inferior-lateral 
lobe.  ES,  LS^,  LS~,  Phrst,  second,  and  third  lateral  saddles. 
IS,  Dorsal  saddle.  IL,  Antisiphonal  lobe,  i.  First  dorsal  lobe 
lying  on  line  of  involution. 


lateral  lobe  and  the  line  of  involution  are  termed  auxiliaries,  and  nunibere<l  in  regular  order.  The 
antisiphonal  is  also  known  as  the  internal,  dorsal,  or  columellar  lobe.  By  “lobes”  are  always 
understood  the  angulated  or  digitated  portions  of  the  suture  wiiich  are  directed  hackicards,  away 
from  the  mouth  of  the  shell  ; “saddles”  are  the  elevations  between  them,  which  point  towards  the 
aperture  of  the  shell. — Trans.] 
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complicated  by  tlie  development  of  secondary  inflections  on  the  sides,  termed 
marginals. 

Paired  or  zygous  lobes  and  saddles  (Fig.  1092)  apjiear  between  the  two 
azygous  lobes  and  belong  to  two  series,  the  laterals  or  externals,  and  the 
dorsals.  The  first  broad  external  lateral  inflections,  called  the  “first  pair  of 
lateral  saddles,”  are  formed  by  the  ventral  lobe  and  the  corresjionding  first 
pair  of  dorsals  by  the  formation  of  the  antisiphonal  lobe ; and  between  these 
there  appears  a liroad  lobe,  either  wholly  or  the  most  part  external  (Fig. 
1092,  A).  This  is  the  stage  marked  by  four  lobes  and  saddles — two  azygous 
and  two  zygous  lobes,  and  four  zygous  saddles.  The  wide  lateral  lobes  in  the 
next  stage  (Fig.  1092,  Ch)  are  divided  by  saddles  that  arise  on  or  near  the  lines 
of  involution.  These  divide  the  two  lobes  into  four,  one  jiair  being  in  part  or 
wholly  dorsal,  and  becoming  eventually  the  first  pair  of  dorsal  lobes;  the 
others  develop  into  the  “ first  jiair  of  lateral  lobes.”  There  are  accordingly 
six  lobes  and  six  saddles  at  this  stage.  In  the  next  stage  (Fig.  1092,  A,  Bin, 
Cm)  the  saddles  bridging  the  lines  of  involution  become  divided  by  lobes 
arising  on  or  near  the  lines  of  involution,  and  the  inner  arms  of  the  saddle  so 
formed  thus  become  the  second  dorsal  saddle,  while  the  outer  form  the  second 
lateral  saddles;  but  in  some  forms  they  may  both  pass  into  the  lateral  series. 
This  stage,  therefore,  has  eight  lobes  and  eight  saddles — three  jiaired  lobes 
and  four  saddles  on  either  side  of  the  mesal  jilane,  and  two  azygous  lobes. 

Additional  inflections  arise  in  like  manner  along  or  near  the  line  of 
involution  during  succeeding  stages.  But  there  is  considerable  irregularity  in 
their  advent  even  in  the  eight-lobed  stage,  and  still  more  so  at  later  periods ; 
hence  the  above  description  must  be  regarded  as  a very  general  one,  although 
serving  to  indicate  a few  jn  imitive  lobes  and  saddles  that  are  generated  during 
the  younger  stages,  and  are  usually  recognisable  in  the  adult. 

In  subsecpient  stages  additional  inflections  arising  on  or  near  the  lines  of 
involution  ]>ass  outward  as  the  sides  of  the  shell  broaden  by  growth  ; and  the 


Plimcoceros  Mcifcrnichi,  Ilauei-  sj).  K«*uper  ; Soiiieraukogel,  near  Hullstadt,  Austria.  Left  suture-line,  much 
reduced,  showing  auxiliary  (inner)  and  adventitious  (outer)  intlections.  The  three  longest  lobes  in  the  middle 
are  the  first,  second,  and  third  laterals  (after  Hauer). 


same  law  holds  true  for  the  dorsum,  but  of  course  here  the  intlections  pass 
inward  toward  the  mesal  plane.  The  nundier  of  intlections  on  the  dorsum  is 
more  limited  in  all  forms  than  the  laterals,  and  they  have  simjiler  outlines. 
The  intlections  added  to  the  sides  after  the  first  two  or  three  saddles  and  lobes 
appear  are  usually  called  the  amdliaries  (Figs.  1096,  at,  1098),  but  the  current 
use  of  this  term  is  not  consistent  with  the  development  of  the  iiitlectioiis,  and 
the  distinctions  are  based  for  the  most  jiart  on  the  contrast  in  size  between 
the  saddles  and  lobes  as  they  appear  in  the  adult  of  different  types.  When 
the  ontogeny  is  known,  however,  the  auxiliary  inflections  can  be  properly 
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<i  discriminated  and  described,  but  otherwise  are  lialile  to  confuse  the  nomen- 
; clature.  Adventitious  inflections  (Fig.  1098)  arise  between  the  first  pair 
of  laterals  and  the  median  line  of  the  venter,  either 
by  the  growth  of  marginals  in  the  arms  of  the  ventral 
lobe,  or  by  division  of  the  outer  parts  of  the  first 
lateral  saddles,  or  by  division  of  the  inner  parts  of 
the  siphonal  saddle. 

The  regions  of  greatest  metabolism  or  growth- 
i changes  in  each  genetic  series  are  near  the  lines  of 
' involution,  and  it  is  here  that  new  inflections  are 
usually  formed.  The  later  formed  lobes  and  saddles 
in  these  regions  repeat  in  their  own  development  the 
I ontogenetic  stages  of  modification  through  which  the 
older  ones  have  already  passed.  It  follows  also  from 
this  that  the  lobes  and  saddles  nearest  the  umbilical  TOi^^'^section ' 
i lines  of  involution  are  simple  and  often  entire,  and  ventrai  lobe;  al,  Antisiphonai 

! ^ ’ lobe ; L,  Superior  lateral  lobe ; 

are  parts  of  a series  that  become  iirogressively  more  inferior  lateral  lobe;  es,  ex- 

i T . 1 , 1 j .1  T 1 r ternal  saddle;  LS,  Is,  First  and 

complicated  outwards  to  the  lines  or  columns  of  the  second  lateral  saddie.s. 
oldest  class — the  first  lateral  lobes  and  saddles. 

When  there  are  adventitious  lobes,  this  series  is  reversed  on  the  ventral  side 
of  the  first  pair  of  saddles.  The  inversion  is  sometimes  quite  complete,  as 
in  some  of  the  Glossocampijli,  thus  indicating  unusual  metabolism  on  the  venter 
like  that  of  the  regions  of  involution.  Jackson’s  law  of  the  localised  re- 
capitulation of  ontogenetic  stages  is  well  exemplified  by  the  history  of  sutures 
among  Ammonoids  as  already  shown  by  him  in  Placenticeras. 

The  above  method  of  designating  the  lobes  and  saddles  as  paired  in  the 
external  aspect  and  on  the  dorsum  on  either  side  of  the  mesal  plane  disregards, 
for  sake  of  convenience,  an  important  fact  that  should  be  noted ; namely,  that 
the  azygous  ventral  and  dorsal  lobes  are  in  reality  paired  with  each  other  in 
the  mesal  plane  ; also  that  the  primitive  dorsals  and  external  lateral  inflections 
j correspond  in  the  same  sense  to  one  another,  and  are  also  more  or  less  united 
I across  the  septa  in  some  forms. 

The  ontlines  of  the  paired  lobes  and  saddles  first  become  complicated  in 
the  Carboniferous  Eiiri/campi/U.  Minor  or  marginal  inflections  are  introduced, 
and  what  are  termed  bifid  or  frifid  lobes  occur  in  the  arms  of  the  ventral 
(Fig.  1156)  lobe;  they  then  affect  the  primitive  first  lateral  lolies  and  saddles, 
and  extend  thence  toward  the  line  of  involution  (Fig.  1159).  These  marginal 
inflections  increase  greatly  in  number  and  complexity  during  the  Permian, 
become  preponderant  in  the  Trias,  and  universal  in  the  Jura  and  Cretaceous. 
During  the  Carboniferous  it  is  the  lobes  only,  as  a rule,  that  are  thus  modified  ; 
but  in  the  Permian  the  saddles  too  are  generally  afiected.  The  modifications 
in  outline  proceed  from  the  lobes  to  their  sides,  and  thence  to  the  saddle  bases, 
except  in  certain  cases  when  direct  division  of  the  saddles  takes  place  by  the 
outgrowth  of  secondary  median  lobes  that  divide  their  bases.  All  these 
secondary  lobes  and  saddles  are  termed  marginals. 

Siphiinde. — ^The  caecal  condition  of  the  siphuncle  is  apparently  confined  to 
the  ananepionic  stage  or  first  septum,  but  J.  P.  Smith  has  shown  that  some 
species  of  Lytoceras  and  I’hylloceras  have  a bulbous  enlargement  of  this  organ, 
which  may  persist  in  several  nepionic  camerae.  This  is  apparently  a persistent 
remnant  of  the  caecal  enlargement.  The  siphuncle  of  all  Ammonoids  is  larger 


Fig.  109'.'. 

Lytoceras  fnnhricttum,  Suwb.  sp. 
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in  proportion  to  the  volution,  and  apt  to  be  nearer  the  centre  (Figs.  1100,  1101) 
during  the  young  than  at  later  stages,  and  is  also  monochoanitic,  as  in  Nauti- 


Fig.  1100. 

Tro})itcs,  cf.  Phoehus,  Dittm.  Trias.  En- 
larged section  in  tlie  median  plane  of  the 
yonng,  sliowing  monochoanitic  funnels  in 
nepionic  stage,  then  transitional,  and  later 
chioiochoanitic  funnels,  a,  Position  of  jiro- 
toconch  (after  Branco). 


Fig.  1101. 


Paliopleuroceras spinatum , Brng.  Lias. 
Section  parallel  to  median  plane,  show- 
ing position  of  the  siphuncle  (after 
Branco). 


loids.  It  remains  monochoanitic  (having  only  a funnel)  in  the  Gasfrocumpyli, 
Micrommpuli,  and  ^lesocampijli,  as  well  as  primitive  forms  of  Earycampijli ; but 

it  becomes  diplochoanitic  (having  both  funnels  and 
forwardly  directed  collars)  in  more  specialised  Car- 
boniferous EuriicumpiiJi,  and  finally  chioiochoanitic 
(funnels  lost,  collars  alone  remaining)  in  Permian 
genera.  Most  Triassic  and  all  Jurassic  and  Cre- 
taceous genera  have  the  siphuncle  chioiochoanitic. 
The  above  stages  are  repeated  in  regular  succession 
during  the  ontogeny  of  chioiochoanitic  forms  (Fig. 
1100)  e.xcept  when  accelerated  development  {tacliy- 
(jencsis)  occurs,  and  then  the  monochoanitic  stage 
may  disappear.  The  reduction  in  size  of  the 
siphuncle  among  Ammonoids  is  obviously  corre- 
lated with  loss  of  functional  imjiortance,  as  is  also 
the  case  among  more  specialised  Nautiloids ; and 
consecpiently  organic  deposits  are  not  found  in  the 
camerae  of  these  shells. 

LioiiiJ/  Chamber. — This  varies  greatly  in  all  of 
its  <limensions,  thus  indicating  differences  in  the 
size  and  proportions  of  the  animal,  since  its  body 
parts  were  probably  wholly  contained  within  this  cavity.  The  lines  of  growth 
and  the  few  apertures  known  among  Microcumpijli  and  Gastrocampyli  show  that 
they  had  hyponomic  sinuses  on  the  venter,  and  were  swimmers  like  Nautiloids. 
The  same  was  i)robably  true  of  the  Mesucampijli,  except  during  the  gerontic 
stage  of  some  species  when  a ventral  crest  arises,  as  demonstrated  by  Clarke. 
In  the  Enri/campyli  and  Glossoeampyli  many  species  that  retain  the  so-called 
goniatitic  form  have  hyponomic  sinuses,  but  occasionally  short  ventral  crests 
appear,  and  later  these  become  general.  Only  radical  Palaeozoic  forms  of  the 


]\(rldnson  ia  Parld iison  i,  8owb. 
Middle  Jura.  Median  section  .show- 
ing sipliuncle  with  bulbous  enlarge- 
ment ('•),  prosiphon  (y0>  position 
of  protoconcli  {<’),  (after  Munier- 
Clialmas). 
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Phyllocampyli  have  retained  the  hyponomic  sinus  ; short  obtuse  crests  appear 
in  the  Trias,  and  continue  thereafter.  Jurassic  and  Cretaceous  Ammonoids 
have  as  a rule  more  pointed  rostra  than  those  of  the  Trias,  and  frequently 
develop  lateral  crests  and  lappets  (Figs.  1103-1107). 

Very  decided  decrease  in  the  dimensions  of  the  living  chamber  during  the 
senile  stage  does  not  occur  as  a rule  among  Palaeozoic  forms  ; but  this  con- 
dition appears  among  the  Triassic  Haloritidae  and  Tropitidae  with  a corresponding 
contraction  of  the  aperture.  The  Arcestidae  (Fig.  1164)  and  some  species  of 
Discocampyli  also  often  have  very  narrow  openings  during  the  paragerontic 
sub-stage,  but  the  condition  is  in  no  sense  phylogerontic  except  in  Lobites, 
and  the  like  (Figs.  1160,  1161). 

Pompeckj,  in  an  important  essay,  asserts  that  contracted  living  chambers 
are  invariably  developed  in  old  age,  and  that  small 
shells  possessing  them  are  consequently  not  im- 
mature individuals,  but  dwarfs  (Fig.  1107).  It  is 
probable  that  large  numbers  of  shells  are  indeed 
dwarfs,  but  it  is  also  a fact  that  contraction  of 
the  living  chamber  and  volutions  occurs  in  some 
forms  during  comparatively  early  stages ; and 
sometimes  in  such  a way  as  to  affect  the  ephebic 
stages  of  the  ontogeny,  when  the  forms  become 
truly  phylogerontic.  This  latter  term  is  used  to 
designate  shells  in  which  the  ontogeii}^  has  become 
permanently  modified  by  the  assumption  of  retro- 
gressive characters  that  were  introduced  first  in 
the  senile  stages  of  allied  progressive  species. 

Whether  these  peculiar  forms  have  contracted 
apertures  in  their  earlier  stages,  and  then  resorb 
them  before  building  further,  or  whether  they 
never  add  lateral  lappets,  rostra,  etc.,  as  claimed 
by  Pompeckj,  until  the  last  resting  stage  of  the  ontogeny  (Fig.  1107),  it  is 
obvious  that  they  are  permanently  affected  by  phylogerontic  characters. 


FiO.  1103. 

Dipoloceras  cristatum,  Deluc.  sp. 
Gault.  Aperture  with  ventral 
rostrum. 


Fig.  1104. 

Spliaerocercts  Brong- 
niorti,  Sowb.  sp.  Oolite. 
Aperture  with  broad, 
contracted  ventral  ros- 
trum. 


Fig.  1105. 

Kormannites  Braiken- 
ridgi,  Sowb.  sp.  Oolite. 
Aperture  with  lateral 
lappets. 


Fig.  1106. 

Glochiceras  nim- 
Inttum,  0pp.  sp. 
Jura.  Lateral 
lappets. 


Fig.  1107. 


Oecopt ychius  re- 
fractus,  de  Haan  sp. 
Jura.  Living  chamber 
contracted,  with  ros- 
trum and  laj;j)ets. 


These  forms  are  comparatively  rare  in  the  Trias  {Lobites,  Cochloceras),  but 
their  number  is  sensibly  increased  in  the  Jura,  although  usually  confined 
to  special  localities.  During  the  Cretaceous  they  become  more  numerous  and 


544 


MOLLUSCA 


SUB-KINGDOM  VI 


more  widely  distributed  (Figs.  1229-12.31).  In  their  extreme  modifications 
they  become  more  or  less  uncoiled  and  finally  perfectly  straight. 

Crick  and  AVaagen  maintain  that  Ammonoids  had  an  annular  band  as  well 
as  shell  muscles,  and  that  these  served  both  to  hold  the  animal  in  the  living 

chamber,  and  also  formed  an  air-tight  band  around 
the  face  of  the  mantle,  fastening  the  latter  to  the  shell 
(Fig.  1108).  Such  was,  however,  probably  not  the 
only  means  of  attaching  the  animal  to  the  shell.  The 


affectiiu 


Fic.  nos. 

Opjtclia  i>tera.'>pls,  Opp.  sp. 
Upper  Jura  ; Solenhofen.  Com- 
pressed sliell  witli  aptyclius  (c) 
preserved  in  living"  cljamber  ami 
distinct  impression  of  shell 
muscles  (/<),  (after  Waagen). 


growth - 


steady  progressive  complication  of  sutures, 
both  lobes  and  saddles  as  well  as  their  marginal  in- 
flections, is  directly  correlated  with  the  outgrowth  of 
rostra.  The  presence  of  a rostrum  indicates  the 
ilisuse  and  disappearance  of  the  swimming  organ 
{hi/potioine),  which  in  Nautilus  causes  the  formation  of 
the  hyponomic  sinus  in  the  aperture,  and  flexed 
lines  on  the  venter.  These  facts  and  the 
littoral  habits  of  Ammonoids  show  that 
they  probably  crawled  along  the  bottom  with  their 
shells  carried  above  them,  very  rarely  swimming. 
Their  shells  are  also  less  bulky  in  proportion  than 
those  of  Nautiloids,  and  correspondingly  less  buoyant. 
All  these  observations  justify  the  hypothesis  that  the  progressive  complication 
of  Ammonoid  sutures  took  place  because  of  their  utility  in 
hel[)ing  to  carry  and  balance  the  shell  above  the  extruded 
parts  when  the  animal  was  crawling.  The  greater  com- 
plication of  the  marginals  in  Jurassic 
Ammonoids,  where  the  number  of  auxiliary 
lobes  and  saddles  is  often  reduced  (Fig. 

1192),  and  the  multiplication  of  the  prin- 
ci|)al  inflections  in  FsewJocenifites  of  the 
Cretaceous  in  compensation  for  the  sup- 
pression of  marginals  (Fig.  1224),  are  all 
accounted  for  liy  this  theory.  The  phylo- 
gerontic  forms,  in  which  the  lobes  and 
saddles  are  sometimes  reduced  in  number, 
and  the  marginals  also  less  complex — 
together  with  the  position,  form,  and  mode 
of  growth  of  the  last  volution,  and  the 
short  rostra — suggest  that  these  creatures 
could  not  have  been  active  crawlers  during 
the  greater  part  of  their  ontogeny. 

The  occurrence  of  broods  of  young 
shells  in  the  living  chamber  may  be  taken 
as  suggesting  that  some  Ammonoids  were 

viviparous,  but  the  exanii)les  of  this  are  too  rare  to  be  relied  upon  for  making 
a general  statement. 

Opercula. — Plates  have  been  found  in  situ  closing  the  aperture  and  corre- 
sponding in  position  to  the  hood  of  Nautilas  in  a number  of  Ammonoid  shells 
(Fig.  1109).  This  positive  fact,  and  the  obvious  fitness  of  such  plates  to 
serve  as  ojiercula,  lead  to  the  inference  that  they  were  formed  by  an  organ 


Fi(!.  IIO'.I. 

Oppdiu  suhradiattf, 
8owb.  Inferior 
Oolite  ; DuiKlry. 
A])tychu<s  in  place, 
closing  aperture 
(after  Owen). 


■ Fig.  1110. 

Aptyvhns  hnneUnxm, 
preserved  a.s  in  Fig.  1108. 
Upper  J ura  ; Soleii- 
hofen,  Bavaria. 
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similar  to  the  hood  of  Xautilus,  and  protected  the  animal  when  it  was  retracted 


into  the  living  chamber.  "When  composed  of  a 


single 


piece,  the  plate  is  called  an  anaptijchus  ; in  such  cases  it 
is  invariably  carbonaceous,  and  was  doubtless  horny  in 
the  living  animal  (Fig.  1111).  The  anaptychus  is  rare 
in  the  Palaeozoic,  and  has  not  yet  been  found  in  the 
Trias,  but  occurs  among  the  Ariefidae  and  AmaUhcidae 
of  the  Lower  Jura.  The  operculum,  when  formed  of 
two  plates,  is  termed  an  aptychm,  and  is  always  of 
calcareous  composition.  It  is  noteworthy  that  these 
plates  occur  uniformly  in  the  same  position  among 
some  species  from  certain  localities,  inside  the  living 
chamber  and  close  to  the  venter  (Figs.  1110,  1112),  a 

Waagen 
served 


Fio.  nil. 


Aiiaptyclii. 
splno.tu-i,  Brii.c; 


A,  AhiaUkaus 


Lias. 


/I 


B,  Gonio.tiUs  Uchtensis,  Kt^ys. 


Fig.  1112. 

Harpoccras  Lythense,  Sowb.  sp.  Upper  Lias  ; 
Boll,  Witrtemberg.  Aptychus.  in.  living 
clianiber. 


Fig.  1113. 


Sclilut 


.N'  ccq  )k  i Us  •‘'■y  nnifjer. 

Upper  Cretaceous : Coesfeld, 

W e s t p li  a 1 i a.  Detached 
aptychus. 


circumstance  that  led 
to  suppose  they 
to  protect  the  nida- 
niental  gland  of  female 
shells.  As  shown  by 
Michael  in  Oppelia,  even 
the  emlnyonic 
shells  Avere  fur- 
n i s h e d w i t h 
aptychi.i 

Aptychi  are 
composed  of 
three  layers,  of 
Avhich  the  middle 
one  is  the  thickest 
and  exhibits  a 
cellular  struc- 
ture, Avhereas  the 
Detached  aptychi 


tAvo  outer  layers  are  comparatively  dense  (Fig.  111.5). 
have  been  classified  by  Zittel  i 

into  seA'eral  groups  according  to 
their  structure.  Cellulosi  (Fig. 

1114)  are  smooth,  thick  plates, 

Avith  punctate  external  surface  ; 

Imbricati  (Fig.  1110)  liaAm  the 
surface  traversed  by  oblique 
folds  or  costae ; Pundati  (Fig. 

1115,  C)  haArn  roAvs  of  punctae 
and  overlapping  folds  ; Granidosi 
include  thin  plates  having  the 
external  surface  covered  Avith 
concentric  folds  or  roAvs  of 
tubercles  or  spinules  ; Pugosi 
are  thick  plates  Avith  irregularly 
arranged  granules  or  roAvs  of 
nodes  on  the  outer  surface  ; Xigrescentes  {Fig.  1112)  are  coA'ered  Avith  a thin 


Fig.  IIU. 

Aptychus  laevis,  v.  Meyer.  LiUiogitipliic  Slates  ; Solenhofeii, 
Bavaria.  A,  External  aspect ; B,  Internal,  t/i. 


^ MickaeL  ii.,  Zeitsclir.  deutsch.  geol.  Ges.,  XLYI.  p.  697,  1894. — Retov:ski\  (4.,  Xeues  Jalirb., 
n.  p.  220,  1891.— Bktckmore,  II.  I\.  Geol.  Mag.  [4],  III.  p.  52S>.  1896. 
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carbonaceous  coating;  and  CoaJesrentes  (Fig.  1113)  have  the  tivo  thin  plates 


A IS  C 

c 


Vertical  sections  of  aptyclii  btloiigine  to  A,  CeUidosi  (A.  zonatns,  Stopp.) ; IS,  Imlricati  (.1 . profundals,  Voltz) ; 
and  r,  Pumtoti  (.1.  piuiclrilns,  Voltz).  s/i  (after  Menegliini  and  Borneniann). 


fused  along  a median  depression.  This  last  is  a phylogerontic  condition  of 
the  aptychus  occurring  in  ScaphUes. 

Classificution. — Leopold  von  Iluch  prepared  the  way  for  a general  classifica- 
tion of  the  Aminonoidea  by  pointing  out  three  grand  divisions  ivhich  he  called 
“genera.”  These  tvere  the  Palaeozoic  (ioniatites,  Ceratifes,  from  the  Trias  and 
Cretaceous,  and  Ammonifes,  from  the  Jura  and  Cretaceous,  von  Buch’s  chief 
distinctions  tvere  based  on  the  outlines  of  the  lobes  and  saddles,  and  were  as 
natural  and  well-founded  as  the  knowledge  of  the  time  permitted.  d’Orbigny, 
Quenstedt,  Sandberger,  and  Barrande  greatly  increased  our  knowledge  of 
structure  and  variation,  and  defined  a number  of  new  genera. 

The  next  marked  ejioch  dates  from  the  publication  of  Mojsisovics’s  great 
works  on  the  Trias,  which  made  known  a fauna  as  rich  and  complex  as  that 
of  the  Jura.  Suess,  Xeumaj’r,  Branco,  Waagen,  Buckman,  Grossouvre,  Hang, 
Diener,  Douville,  Kilian,  Zittel,  Karpinskv,  the  present  writer,  and  others 
made  advances  of  essential  importance  along  different  lines.  All  of  these 
authors  attemiited  to  trace  phylogenetic  histories  which  of  necessity  crossed 
the  lines  of  the  older  classifications  at  right  angles,  and  sometimes  bridged 
over  the  divisions  of  geologic  time. 

All  classifications  have  necessarily  l)een  based  upon  sutural  peculiarities. 
That  ivhich  is  })ut  forward  below  differs  mainly  in  that  it  attempts  to  divide 
Ammonoids  into  a number  of  sub-orders,  named  with  reference  to  peculiarities 
of  the  saddles,^  and  lays  special  stress  upon  the  phylogenetic  significance  of 
the  dorsal  and  internal  sutures,  especially  the  antisiphonal  lobe.  Although 
some  extensive  changes  are  proposed,  the  system  is  in  realit}’^  oiily  modifica- 
tion of  the  older  schemes,  as  will  be  seen  from  an  inspection  of  the  following 
table.  The  latter  is  intended  to  facilitate  comparisons  between  the  jirimary 
divisions  formerly  recognised  and  the  new  sub-orders,  which  are  assembled  by 
means  of  lirackets  on  the  left  into  four  corresponding  groups. 

' The  suttix  cainpi/Jns,  .“iiguifying  curve,  in  tlie  uumes  of  tlie  .sub-orilers,  i.s  used  wholly  with 
reference  to  the  .saddle  iiiHections  as  they  appear  in  the  typical  forms  of  each  grou]).  The  term 
Pseudoceratite.s,”  ius  used  above,  is  a descriptive  e.vjiressiou  for  the  Placenticeratiila  and  Tissotidae 
of  the  Cretaceous,  which  are  morphic  equivalents  of  some  Triassic  genera  of  the  iJiscocampyli  as 
regards  both  sutures  ami  shell  form.  Their  origin  is  traceable,  however,  to  different  groups  of  the 
Pachycaiiqii/U,  a sub-order  which  appears  to  have  been  initiated  in  the  Jiu’a  along  with  the  Lepto- 
rarnpyli.  It  is  therefore  improbalile  thaf  the  Pseudoceratites  were  directly  connected  with  the 
Triassic  hiscocnm pyli. 
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TABLE  SHOWING  PRINCIPAL  DIVISIONS  OF  THE  AMMONOIDEA. 


New  Sdb-Oedeks. 

Intra-  ( 

siphonata,  -J  Oastrocampyli  I. 
Zittel. 

r 

Mierocampyli 

Mesocampyli 

II. 

Eurycampyli 

Olossocampyli 


Extra- 

siphonata, 

Zittel. 


Discocampyli 


III. 


Phyllocampyii 

Leptommpyli 

lY. 

Pachyeampyli 

I 


EqUIYAI.ENTS  I'A'DEE  Foumeu  SY'.STE>I.-<. 


J Chjmeilia,  Clymcnidae  (Clymeuioid.s). 

Characters  same  as  siih-order.  Devonian. 

f Goniatites,  Goniatitidae  (Goniatitoids). 

Zygous  iiiHections  entire  only  in  simple  or  radical 
forms,  becoming  divided  and  similar  to  Ceratitoids  only 
in  some  highly  specialised  genera  of  the  Permian  and 
Trias.  The  young  are  asellate  in  radical  forms,  becoming 
latisellate  in  more  specialised  genera.  Mostly  Devonian 
and  Carboniferous  ; comparatively  few  Permian  repre- 
Isentatives. 


I 


Ceratites,  Ceratitidac  (Ceratitoids). 

Zygous  inflections  entire  only  in  a few  radical  forms, 
probably  derived  from  the  same  radicals  as  the  Phyllo- 
campyli.  Lobes  become  divided  by  fine  marginals 
forming  serrations,  but  bases  of  saddles  remain  entire 
except  in  highly  specialised  genera.  Supposed  to  be 
mostly  latisellate,  becoming  angustisellate  in  specialised 
forms.  Triassic. 


('  Ammonites,  Avimonitidae  (Ammonitoids). 

Zygous  inflections  entire  only  in  Palaeozoic  radicals  of 
the  Phyllocampyii.  Lobes  become  divided  by'  fewer  and 
larger  marginals  than  in  Ceratitoids  ; bases  of  saddles 
-j  remain  entire  only'  in  simpler  forms  of  the  Triassic 
Phyllocampyii.  All  others  have  completely  divided 
inflections  except  some  of  the  degraded  Pachyeampyli. 
Phyllocampyii  range  from  Devonian  to  Cretaceous.  The 
Hast  two  sub-orders  are  Jurassic  and  Cretaceous. 


Sub-Order  A.  OASTROCAMPYLI.  Hyatt. 

Conchs  varying  from  forms  like  Anar cestes  to  those  that  are  more,  or  less  compressed  in 
section,  and  from  completely  discoidal  to  compressed  and  highly  involute  shells,  the  surface 
being  either  .smooth  or  with  large  spines.  The  characteristic  ventral  saddles  are  almost 
imperceptible  in  some  primitive  species,  and  although  entire  and.  large  as  a rule,  are  in 
some  genera  divided  by  entire  ventral  lobes.  Septa  concave  along  the  mesal  plane. 
Siphuncle  dorsally  situated.  Living  chamber  occupying  about  three-fourths  of  a volution  ; 
aperture  with  hyponomic  sinus. 

The  ventral  saddles  are  developed  Ijy'  the  obliteration  of  jiriniitive  I'entral  lobes 
and  fusion  of  the  first  pair  of  saddles  (Branco).  It  is  at  present  questionable  wliether 
the  ventral  lobes  of  some  genera  are  secondary'  modifications  or  retentions  of  the 
primitive  ventrals,  and  also  whether  these  can  be  regarded  as  divided  ventrals  ei'eiL  in 
the  Ctjmaclymenidae.  The  antisiphonal  lolie  is  large  and  long,  and  often  fused  witli 
the  siphuncular  funnels,  which  are  long  and  single  {monochoanitic).  The  dorsal  sutures, 
so  far  as  known,  are  very  jreculiar,  having  only'  a pair  of  large  saddles  confluent  ■with 
the  last  jiair  of  external  saddles  ; or  one  pair  of  zygous  saddles,  and  one  pair  of  zy'gous 
lobes,  the  second  j)air  of  zygous  saddles  being  confluent  with  the  innermost  exteinal  jiair. 

The  perforation  through  the  umbilicus,  so  constant  in  Nautiloids,  is  absent,  and  so 
too  are  the  umbilical  de])ressions  on  either  side  of  the  neck  of  the  i*)rotoconch,  common 
in  other  Ainmonoids.  The  forms  are  nevertheless  ammoniticones,  having  the  proto- 
conch and  other  characters  of  the  order.  The  first  septum  is  described  as  asellate 
(Branco),  but  figured  as  having  a broad  saddle  on  the  venter. 

Family'  1.  Clymenidae.  Giimbel  {emend).  Primitive  forms  similar  to  Anar- 
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cettfcs,  but  iliflering  in  that  the  sutures  liave  broad  entire  ventral  saddles  and  broad 
rounded  lobes  ; or  if  the  latter  are  angulated,  they  are  inconi])lete  internally,  rising  to 
saddles  at  the  lines  of  involution.  Siphuncle  tubular  and  small,  and  funnels  com- 

])aratively  short  (Giimbel). 

Cyrtodymenia  (Fig.  1 1 1 6), 
Oxyclymenia  (Fig.  1117j, 
Gumbel  ; Plat yclymenia, 
’ Hyatt.  Devonian. 

Family  2.  Cymacly- 
menidae.  (rilmbel  (emend).  Cmiehs  similar  to  those  ol  preceding  family,  but  sutures 
have  two  pairs  of  lateral  saddle.s,  and  thei-e  is  a c entral  lobe  with  a median  saddle. 

Cymadymeiua  (Fig.  1118),  Selhidymenin,  Gumbel.  Devonian. 

Family  .3.  Gonioclymenidae.  Conchs  difler  from  i)receding  families  in  that 


Flc.  IlUi. 

Suture -line  of  CurtoclH' 
uicnia  laevigata^  Miinst.  si>. 


Fig.  tits. 

Suture -line  of  Cijnmdyintiiia  striotu 
Munst.  sji. 


Fig.  nil. 


iixildi/menia  riniluh'ta,  IMun.st.  s],. 
Ujiper  Devoiii.'ni;  K I bers re u tli, 
Fielitelgebirge. 


Fig.  1110. 


iloniod>iiiu;iiiii  speriosa,  Miiiist.  sji.  Upper  l)e- 
\ oiiian  ; SeliUbelliaiunier,  Ficlitelgebirge.  l/o- 


the  sutures  have  deeji  undivided  ventral  lobe.s,  and  sometimes  two  ]iairs  of  lateral 
.-addles  are  jiresent.  These  last  may  be  either  in  jiart  or  wholly  divided  by  marginals. 

Goniudymcma  (big.  111!)),  (Jydnrlymrnin,  Jiiscodymcitia,  Giimbel;  Crypfodymenia, 
Hyatt ; Aooithodymeinn,  geii.  nov.  Tyjie  .1.  (Cly/n.)  neapoUtana,  Clarke  sp.  Devonian. 


Sub-Order  B.  MICROCAMPYLI.  Hyatt. 

JJactrifu'onoi,  'inimocerarone.'f,  and  (nninonitieones.  Snfures  entire,  and  have  slight 
andivtded  lobes  on  the  renter,  and  hut  one  pair  of  hroad,  shallow  lateral  lobes  in  primitive 
forms.  Antisiphonal  lobe  ub.smt  in  these,  and  the  dorsal  suture  has  a median  saddle,  but 
this  beromes  divided  by  a small  a ntisiphonal  lobe  in  some  forms.  In  more  specialised 
shells  (Pin nacites)  the  lateral  lobes  become  divided  into  tiro  pairs  and  the  dorsal  saddles 
disajgicar,  being  replaced  by  two  corresponding  lobes,  and.  the  sepjta  become  at  the  same 
trine  biconcave.  Aiphuncle  subvent  ran,  and  apiparently  without  calcareous  .sheath, 
h unnels  narrow,  'monochoanitic,  often  long,  but  never  perfectly  holochoanitic.  Pentral 
lobes  J -shaped,  and  remain  undivided  .so  far  as  Icnown.  Apierture  with  hy-ponomic  sinus. 

bamily  1.  Bactritidae.  Bactriticones  and  c3'rtoceracones,  usually  compres.sed 
elliptical  in  section,  and  connecting  through  Protobact rites  with  the  Nautiloidea. 
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Fig.  1121. 


Mimocems  compressiia,  Beyr. 
Wi.sseiibaoh,  Nassau.  A,  B, 
Neiiionic  individual  enlarged. 


Lower  Devonian  ; 
Natural  casts,  Vi-  (■’, 


sp. 


Bactrites,  Sandb.  (Fig.  1120).  In  this,  the  only  genu-s,  the  shell  is  straight, 
gradually  tapering,  and  round  or  compressed  elliptical  in  section.  Devonian. 

Family  2.  Nautilinidae.  (NaufiUni,  Beyrich,  pars),  ilimoceracones  and  am- 
moniticones,  rounded 
or  more  or  less  quad- 
rangular in  section. 

Sutures  have  narrotv 
saddles  on  either  side 
of  the  undivided 
ventral  lobe,  and 
broad  lateral  lobes 
with  saddles  at  the 
lines  of  involution  or 
on  the  umbilical 
zones,  when  the  latter 
are  differentiated. 

Antisiphonal  lobe 
absent.  Dorsum  with 
a broad  azygous 
saddle.  Aperture 
with  a deep  and 
narrow  hyponomic 
sinus,  crests  on  the 
ventro-lateral  angles, 
and  broad  lateral 
sinuses  on  either  side. 

Mimoceras,  Hyatt 
(Fig.  1121);  Anar- 
cestes,  Mojs.  (Figs. 

1122,  1123)  ; Prolo- 

hites,  Karp.;  Agoniatites,  Meek  {Aphyllites,  p.p.  Mojs.),  (Fig.  1124);  Palaeogoniatites, 
gen.  nov.  Type  P.  (Gon.)  lituum,  Barr.  sp.  Devonian. 


■Dr 


Fig.  1120. 

Bait  rites  elegons, 

Sandb.  Upper  De- 
vonian ; Biideslieim, 
Eifel.  .4,  Conch,  l/j. 
B,  Suture -line,  3/j 
(after  Sandberger). 


Fig.  1122. 

Anrircestes  plehejus,  Barr.  .sp.  Ijower  Devonian  (^itage 
G) ; Hlubocep,  Bohemia  (after  Barrande). 


Fig.  1123. 


A narcestes  subnautiliiius, 
Schloth.  sj).  Middle  Devonian  ; 
Wissenbach,  Nassau  (cf.  Fig. 
1094). 


Fig.  1124. 

Agoniatites  occultus,  Barr.  Lower  Devonian  (itage  G) ; 
Hlubocep,  near  Prague,  Bohemia  (after  Barrande). 


Family  3.  Aphyllitidae.  Freeh.  Ammoniticones  with  ti’uncated  I'enters. 
Sutures  similar  to  those  of  Nautilinidae,  except  that  a dorsal  azygous  lobe  is  present. 

Aphyllites,  Mojs.  Type  A.  amhigena,  J\.lojs.  Dorsal  sutures  unknown.  Para- 

phyllites,  gen.  nov.  Type  P.  (Gon.)  tahuloides.  Dorsum  of  this  involute  form  is 
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entirely  occupied  by  <a  large  azygous  lobe  terminating  in  a minute  annular  lobe  and 
jiartial  cone  similar  to  tliat  observed  in  Nautiloids  and  Pinnacites.  The  inner 
extension  or  cone  is  not  present  elsewhere  among  Ammonoids  so  far  as  known. 
Devonian. 

Family  4.  Pinnacitidae.  Highly  involute,  compressed  ammoniticoues  with 
acute  venters.  Septa  biconcave,  owing  to  division  of  the  lateral  lobes  by  narrow 
saddles  which  are  connected  by  ridges  with  corresponding  .saddles  on  the  dor.sum. 
There  are  also  saddles  at  the  umbilical  angles  and  on  either  side  of  the  ventral  lobes. 
The  azygous  dorsal  lobe  is  large  and  similar  to  that  of  Aphyllitidae.  Dorsum  with  one 
jiair  of  narrow  zygous  saddles  and  one  paii’  of  broad  zygous  lobes,  giving  a formula  of 
eight  lobes  and  eight  saddles. 

Includes  only  Pinnacites,  Mojs.,  trom  the  European  Devonian. 


Sub-Order  C.  MESOCAMPYLI.  Hyatt. 


.1  provisional  group  induding  a few  forms  which  exhibit  a wide  range  of  sutural 
mod  if  cations,  as  well  as  certain  genera  intermediate  between  the  naufiliform  Anarcestes 
witle  concave  septa,  and  the  normal  Amrnonoidea  with  convex  septa  and  large  lateral 
saddles.  Ventral  lobes  invariably  divided;  siphonal  saddles  entire  in  some  2^rimitive 
genera  and  'in  a few  .S2J0radic  forms  among  the  more  sj)ecialtsed  sp>ecies.  Ap>erture  loith 
hyponomic  sinus  during  the  later  stages  of  ontogeny,  hut  in  some  forms  a ventral  crest 
a2)2wars  during  the  2n(ragerontic  stage  (Clarke). 


The  external  .sutures  sometimes  aj)i)ioximate  to  those  of  Anarcestes,  but  the  dorsals 
have  only  one  large  azygous  lolje,  the  saddle  being  confluent  at  the  line  of  involution 

with  the  second  external  pair.  In  more  involute 
forms  the  anti.siphonal  lobe  is  large,  entire,  and 
])ointed  ; there  is  one  jiair  of  dorsal  saddles,  and  one 
of  broad  doisal  lobes;  the  second  2>air  of  saddles, 
when  present,  is  confluent  with  the  second  ])air  of 
lateral  saddles. 

Family  1.  Neoicoceratidae.  This  in- 
cludes the  uni(jue  Xcoicoceras,  gen.  nov.,  which 
combines  the  lateral  sutures  of  Anarcestes  with  the 
divided  ventral  lobes  of  the  Primordialidae,  but  the 
.dphonal  .saddles  are  large  and  entire.  Volutions 
discoidal  and  trapezoidal  in  section,  .similar  to  the 
young  of  Ge2)hyroceras  calculiforme,  Sandb.  .sp. 

sijdiuncle  unknown.  Tyiie  P.  (Gon.) 
Mill,  and  O.  sj>.  Carboniferous; 


Fo.sition 


of 

clkhorncnsis, 

1 llinoi.s. 

Family  2.  Primordialidae  {Prim.or  diales, 
Deyr.).  Distinguished  from  Anarcestes  by  the  divided 
ventral  lobes,  large  siphonal  saddles,  and  esjiecially 
the  first  lateral  saddles,  which  are  very  j)rominent 
on  the  sides.  Adventitious  lobes  and  saddles  are 
formed  by  division  of  the  first  lateral  saddle.s.  Septa 
in  the  young  concave  and  .similar  to  those  of  Anar- 
restes,  but  in  later  stages  become  convex  along  the 
me.sal  jdane  as  in  normal  Ammonoid.s.  Sijduincle 
small,  subventran,  without  calcareous  .sheath;  funnels  monochoanitic  and  short. 

Gejihyroceras  (Fig.  1125),  Manticoceras,  Hyatt;  Probeloceras,  Clarke;  Timanites, 
Mojs.  Devonian,  hlilleroccras,  gen.  nov.  Ty])e  d/.  {Gon.)  Parrishi,  Hill,  and  G.  .s],). 
Fplier  Coal  Pleasures  ; Illinois. 


Fif).  11-25. 

Ocphiirnrtros  inlnmesrens,  Beyr.  Upper 
Devonian;  Nassau.  A,  Concli,  l/j. 
.Suturo-line. 
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I Sub-Order  D.  EURYCAMPYLI  Hyatt. 

Conchs  varying  in  primitive  genera  from  forms  like  Anarcestes  to  highly  coronate 
ij;  with  entire  lobes  and  saddles.  The  ventral  and  lateral  lobes  become  divided  vii  specialised 
it  Palaeozoic  genera,  and,  the  more  highly  specialised  Permian  and  Triassic  forms  have  the 
lobes  and  saddles  completely  divided.  The  large  inner  saddles  characteristic  of  the  epheiic 
stage  of  Magnosellaridae  are  retained  throughout  life  in  many  Palaeozoic  forms,  and 
I occur  more  or  less  in  the  young  of  Triassic  genera.  Among  the  latter  the  coronate  form 
of  Gastrioceras  is  also  common. 

I.  Magnosellarida. 


Prevailing  form  of  conch  Anarcestes-like,  but  sometimes  discoidal,  and  more  or  less 
quadrangular  or  trapezoidal  in  section.  Sutures  entire,  with  large  inner  lateral  saddles 
resembling  those  of  Glyphioceras  in  most  Palaeozoic  forms,  but  the  lobes  become  more 
digitated  in  some  Carboniferous  and  Permian  genera,  and  both  lobes  and  saddles  are 
completely  divided  in  highly  specialised  Triassic  genera.  Ventral  lobe  undivided  in 
primitive  forms,  but  split  by  a siphoned  saddle  which  is  in  turn  subdivided  by  minute 
funnel  lobes  in  the  more  speciediseel  species.  Siphuncle  luithout  ccdcarcous  sheedh ; funnels 
monochoanitic  in  'primitive  forms,  and  diplochoanitic  or  sometimes  even  chloiochoanitic  in 
specialised  Permian  forms. 

Primitive  genera  have  deep  undivided  antisiphonal  lobes  and  only  one  jiair  of 
large  broad  dorsal  saddles ; the  first  jiair  of  lobes,  vdien  present,  are  confluent  with 
the  second  lateral  lobes  at  the  lines  of  involution.  More  specialised  shells  may  retain 
a pointed  undivided  antisiphonal,  but  the  dorsals  may  have  one  pair  of  entire  narrow 
.saddles,  one  pair  of  entire  jiointed  lobes,  and  usually  a second  pair  of  saddles.  These 
last  are  broad,  similar  to  the  lateral  pair,  or  confluent  with  the  third  laterals  when 
there  is  a third  external  pair. 

Family  1.  Magnosellaridae.  Beyrich.  Ammoniticones  varying  from  discoidal 
and  Anarce.stes-Vik&  to  highly  involute, 
coinjiressed  shells  with  narrow  venters. 

Septa  concave  along  the  mesal  plane  as 
in  Nautiloids,  becoming  convex  only 
internally  and  laterally,  following  the 
broad  internal  saddles  in  the  zone  of 
involution.  Lobes  and  saddles  entire. 

Primitive  forms'  niaj^  have  oidy  two 
broad  saddles  on  either  side,  but  more 
specialised  shells  may  ha^'e  two  pairs  of 
principal  saddles  formed  by  division  of 
the  primitive  first  laterals.  There  is  a 
corresponding  development  of  narrow 
saddles  and  lobes  on  the  dor.sum,  but  primitive  lorms  have  only  tvo  broad  saddles 

here  as  in  Anarcestes.  Anti- 
siphonal lobe  narrow,  entire, 
pointed.  Aperture  with  hypo- 
nomic  sinus.  Shells  smooth. 

Pa  rodocera  s {Ch  eiloceras, 
Freeh);  Tornoceras  (Figs.  1126, 
1127),  iiporiidoceras  (Fig.  1128), 
Maeneceras,  Hyatt  (Fig.  1129);  Parator nocera.s,  geu.  nov.  Type  P.  (Gon.)  Icntiforme, 
Kayser  sp.  Gonioloboceras,  gen.  nov.  Type  G.  {Gon.)  goniolobus.  Meek  sp.  Pseudo- 
clymenia,  Freeh.  Devonian  and  Carboniferous. 

Family  2.  Pericyclidae.  Involute  shells  resembling  Glypldocercdidae,  but  having 


Fig.  112C. 

Tornoi'p.ras  rctrorsuSy  v.  Bucli. 
Upiifi’ Devonian  ; Budeshehn, 
Eil'el.  i/i. 


Fig.  1127. 

Tornoccnis  v. 

Buell.  Ui)per  Devonian ; 
Budeslieim,  Eif«d. 


'VJYfVWi 

Fig.  1128. 

Suture  - Hue  of  SjMradocems 
Munsten,  v.  Budi.  sp. 


Fig.  1129. 

Suture-line  of  Maeneceras  tcre- 
Saiiclb.  sp. 


brutn 
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tlie  liroad  inner  laloral  saddles  divided  dy  a pair  of  shallow  lobes  into  two  nearly  e([ual 
saddles.  Ventral  lolie  in  primitive  Dhneroreras  undivided,  and  this  together  with  the 
sntnres  indicate.s  common  ancestry  with  Jlrancocents  and  Magnosdluridae.  Ai)erture 
with  broad  shallow  hyponomic  sinns.  Shells  have  annnlar  costae  ciwsing  the  venter. 

] hmei'ocrm'!,  Hyatt ; Pi’ricijrluK^  Mqjs.  Devonian  and  Carboniferous, 
hamih  .3.  G-lyphioceratidae.  Ammoniticones  of  variable  form,  inclnding  dis- 
coidal  and  highly  involute  shells,  and  also  a large  jiroportion  of  ^lartiTc.str.s-like  genera. 
Septa  concave  along  the  mesal 
plane  in  pi'indtive  Jlranm- 
ccran,  tint  becoming  convex 
plane  in 
later  stages  of  other 
genera.  Ventral  lobe  entire 
in  primitive  foiaii.s,  but  be- 
coming divided  in  more 
specialised  genera.  External 
sutures  similar  to  tho.se  of 
j\IagnoseUi(r{iJiii-j  but  dorsal 
sutures  have  narrow  saddles 
on  either  side  of  the  entire 
jiointed  antisiphonal  lobe. 


as  a rule  along  tin 
the 


i-'ici.  inai. 


tiuture-liiii!  of  Uroncnrcrus 
aulrofua,  .ftun.st.  sji.  Ujipcr 
l)i'\  oiii.iii  ; l'iflitcl”ebir;;f. 


Fid.  1131. 

Ih'nnrwp.ro.'t  rnfutoi'in^,  ile  Koii.  sp.  Carboniferous  Limestone  ; 
'roiiniay,  Belgium. 


Siplmncle  small,  and  funnels  generally  diplochoanitic,  except  in  .sjiecies  with  undivided 

ventral  lohes.  Apei  - 
tiire  usually  with 
hyjionomic  sinus,  but 
some  species  have 
ventral  crests  during 
ephebicstage.s.  Shells 
smootli,  tnbcrculated 
or  costated,  but  costae 
do  not  cross  the 
venter  as  a rule. 
^'enter  sometimes 
with  well  - marked 
longitudinal  ridges. 

Jlraiicoceraa  (Fig.s. 
1130,  1131) ; Maen- 
1 134),  Parairfioccms, 


Fid 


dusf rUurrn^  M.  \\ 

iforoiis  ; Artin.-k,  Unil. 


iVrnio-Carboii- 


dly]ihinrrrfisfiphofririis,it{)\(\\' 
sj).  Carboniferous  l.itnestoiie 
Snttrop,  Westjibalia. 


sferorrr(i.<,  G<i4nori’>'(i^  ll-l^))  (P ijphioceras  (Figs.  1133, 

Schiatocerax,  Hyatt;  Pnwinui  ites,  Hang.  Devonian  and 
Carboniferou.s. 


Family  4.  Dimorphoceratidae.  Discoidal  compres.sed 
shells  ; primitive  species  like  ProIecanite>i,  but  .specialised  forms 
are  more  or  le.ss  involute,  although  still  retaining  modified 
Anarcestean  a.s]iecl.  Lolies  liecome  digitated,  beginning  with 
the  arms  of  the  ventral  lobe  and  progressing  inwards,  but 

bases  ot  saddles  remain  entire.  The  broad  undivided  .^addles  of  Mugnosellaridae  are 


F’id.  1134. 

(Jlfiphloceras  (Hojlrmo,  fjoldf. 
sp.  Carboniferous  Cimestone; 
Cliofiuier,  near  Ciejie, 
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represented  in  jniinitive  species,  and  are  more  or  less  tracealde  even  in  specialised  shells. 
Aperture  -svitli  liyponomic  sinus.  Shells  smooth  or  vitli  longitudinal  grooves. 

Example.?  : Dimorphoceras,  Nomismoceras,  Hyatt.  Carboniferous. 

Family  5.  Thalassoceratidae.  Discoidal  and  involute  ammoniticones  vith 
undivided  ventral  lobes  in  primitive  forms,  and  also  entire  lobes  and  saddles  ; but  in 
more  specialised  shells  the  former  are  divided,  and  the  latter  digitated  by  marginals, 
but  bases  of  saddles  may  remain  entire.  Outlines  of  sutures  in  primitive  forms  indicate 
affinity  with  Nomismoceras,  and  probable  derivation  from  same  stock.  Aperture  with 
liyponomic  sinus.  Shells  smooth. 

Examples  : Paraceltites,  Thalassoceras,  Gemm.  Permian. 


II.  Nanxitida. 

A provisional  group,  including  smooth,  more  or  less  discoidal  cmd  globose  keelless  forms 
with  primitive  sutures.  The  latter  pass  through  a Magnosellarian  stctge  in  the  young,  hut 
subseguently  assume  the  aspect  of  Dirnorphoceratidae.  Ventral  lobes  retain  entire  siphoned 
saddles  throughout  life.  Bpeciedised  forms  have  elevated  subacute  and  often  keeled  venters. 

Family  6.  Nannitidae.  Anarcestean  forms  with  a tendency  to  become  elevated 
on  the  venter  in  later  stages  of  growth,  and  having  sutures  witli  faintly  denticulated 
lobes  and  entire  saddles,  and  with  very  small  entire  siphonal  saddles. 

Nannites,  Prosphingites,  Mojs.  (?)  Pphaerites,  Arthaber.  Trias. 

Family  7.  Otoceratidae.  Involute  forms  with  deep  umbilici  and  prominent 
ridged  umbilical  shoulders;  venter  keeled  and  acute.  Ventral  lobes  divided  by  large 
siphonal  saddles.  Young  liave  volutions  with  broad  keelless  venter  and  trapezoidal 
section.  Antisiphonal  lobe,  so  far  as  known,  entire  on  tlie  sides  and  bifid  at  the  ends. 

Otoceras,  Griesbach ; Anotoceras,  gen.  nov.  Type  A.  (Prosph.)  neda,  Diener  sp. 
Trias. 


III.  Tropitida. 


Includes  a large  and  comparatively  homogeneous  group  of  Triassic  shells  of  Anarcestes- 
like  aspect,  hut  sutures  with  peculiarly  elongated,  and  completely  diejitated  saddles  and  lobes. 
Siphonal  saddles  not  so  deeply  incised  by  margined  lobes  as  the  laterals,  nor  very  compleo: 
in  outline.  Shells  ornamented,  with  costae,  often  tuberculcdecl,  keeled,  and.  chcenneled. 
Aperture  invarieddy  with  latered  crests.  Connects  through  Microtropites  with  Nannites. 

Family  8.  Tropitidae.  Mojsisovics  (pars).  Similar  to  Anarcestidae  in  the 
ephebic  stage,  but  tlie  young  frecpiently  have  volutions  with  higlily  trapezoidal 


Margarites  Jol'elyi,  Hauer  sp. 
Upper  Trias ; Sandling,  near 
Aussee,  Austria. 


A 


B 


Fig.  1136. 


Ti'opites  suhhnUatu‘i,  Hauer  sp.  Upper  Trias  ; 
Aussee,  Austria,  i/j. 


sections.  Sliells  highly  ornamented  by  tlie  intersection  of  a system  of  longitudinal 
ridges  and  transverse  costae.  Sutures  have  deep,  narrow  ventral  lobes  divided  by 
siphonal  saddles  with  peculiar  truncated  bases,  which  are  often  retained  in  later  stages. 
Sutures  in  ephebic  stages  of  some  forms  are  similar  to  those  of  Haloritidcee ; young 
have  a more  or  less  prolonged  coronate  stage,  and  are  also  keeled  on  the  venter  as  a 
rule.  Aperture  narrower  and  with  more  pointed  ventral  crests  than  in  Haloritidae. 
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Margartfcs  (Fig.  1135j,  7’ropites  (Fig.';.  C,  1100,  113G;,  (Paratropites,  Ana- 

fropites,  Microt rojntcs),  Barrandntes,  Silbylliten,  Mojs.  ; Eatoraoceras,  Hyatt.  Trias. 

family  9.  Haloritidae.  Mojsi.sovias  (parti).  Shells  more  glohose  and  more 
involute  in  the  young  than  I'ropitidae,  and  as  a rule  keelle.ss,  hut  having  similar 
volutions  in  a numher  of  species  during  latei'  stage.s.  Ornament  as  a rule  simpler  than 
ill  'Trupitidae.  Aperture  usually  with  ventral  cre.sts,  hut  tlie.se  are  primitive  in  outline, 
hroad,  and  in  some  species  scarcely  indicated  liy  the  lines  of  growth. 

Halontes  (Homerites),  Jovitea,  ]bn-ajuvaritc.‘t,  Jaraviteti  (Anatowifrs,  Gricahach- 
■itfin,  Dimorpdiifeti),  Miltites,  Sarienifet;  (Traclnjaafjcnites),  Mojs.  Trias. 


Sub-Order  E.  GLOSSOCAMPYLI.  Hyatt. 

Primitive  tipeciev  e.vhihit  close  resemhlanre  to  P rolecanitidae,  hut  differ  in  the  yreater 
■numher  and  simpler  forms  of  the  tonriue-sliaped  saddles  and  lohcs.  Sp)erialised  shells  have 
the  saddles  acute,  hut  still  entire  and  of  the  same  fundamental  outlines,  while  the  lohcs 
heroine  hijid  or  dujitated.  Adventitious  lohcs  and  ,'iaddles  are  introduced  hij  division  of 
the  siphonal  saddles,  and  fienerallij  show  reminiscence  of  their  jirirnitive  ancestral  outlines. 
Htphuncle  as  in  precedinfi  f/roups,  devoid  of  a calcareous  sheath  ; funnels  monochoanitic 
and,  short  in  jinrnitire  fienera  (Pharciccras),  hut  hccorninij  rhloiorhoanitic  in  specialised 
forrns.  Ant isi'phonal  lohe  entire  in  primitive,  hut  hijid  in  more  sjieciali.sed  shells. 

Two  pairs  of  entire  dorsal  .saddles  and  one  ]iair  of  zi’gous  lobes  with  lounded 
outlines  appear  in  Sandherijcroceras,  hut  in  more  involute  and  specialised  genera  the 
dorsal  inflections  become  more  numerous  ; their  outlines  remain  comjiaratively  simple, 
however,  excejit  in  lledenstroemitidae.  There  is  a general  tendency  in  this  sub-order 
toward  the  multiplication  of  lobes  and  saddles,  and  these  are  added  at  both  external 
and  inteinal  ends  of  the  lateral  sutures.  The  lobes  and  saddles  are  less  differentiated, 
or  are  more  alike,  than  in  preceding 
groups  throughout  the  entire  lateral 
line.  The  sutures  of  Pharciccras, 
however,  show  the  jiresence  of  large 
internal  saddles  in  .some  species,  indicating 
dei-ivation  from  Maiinosellaridae. 

F'amily  1.  Pharciceratidae.  More 
or  le.ss  discoidal  .shells  re.sembliug  Anar- 
rcstes,  but  having  the  lobes  and  saddles  like 
those  of  Jlcloccratidae,  with,  however, 
simjiler  and  more  rounded  outline.s.  No 
adventitious  iullections  are  developed. 

Ventral  lobe  undivided,  and  antisijihonal 
lobes  entire.  Ajierture  with  large  hypo- 
nomic  siuu.s. 

Pharciccras,  Sa ndherf/eroceras  (Triano- 
ceras),  Hyatt  (Fig.  1137);  lloeninijhausia, 

(lilrich.  Devonian.  (1)  Jlenechia,  l\Iojs. 

Tiias. 


Fio.  1137. 

Suture -line  of  Suiiilliergerncerus 
liihercuInsn-costatHm,  Saiulb.  Ujipcr 
Devonian. 


Fio.  lies. 

Ikloceras  miiWtohnliim,  IJi'yr.  sp.  Ujijier 
Devonian  ; AUorf,  Wc.stplialia. 


I’amily  2.  Beloceratidae.  Freeh.  Includes  only  the  genus  Pcloccras,  Hyatt 
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(Fig.  1138),  M'liicli  is  highly  involute  and  compressed,  witli  Hat  and  narrow  venter. 
Sutures  with  more  or  less  acute  lobes  and  saddles,  as  well  as  a iiuuiber  of  adventitious 
and  auxiliary  inflections.  Ventral  lobe  divided,  and  funnels  monochoanitic.  Aperture 
with  hyponoinic  sinus,  and  the  lateral 
outlines  simjiler  than  in  the  next  family. 

Devonian. 

Family  3.  Sageceratidae.  Similar 
to  the  last,  but  lateral  lobes  liifid,  and 
saddles  acutely  spade  - sha2ied.  Anti- 
siphonal  lobe  bifid.  Aperture  has  sinuous 
lateral  outlines  with  crests  at  the  ventro- 
lateral ridges. 

Pseudosagecems,  Diener  ; Sageceras, 

Mojs.  (Fig.  1139).  Permian  and  Trias. 

Family  4.  Hedenstroemitidae. 

Princijial  lobes  and  saddles  with  ceratitic 
outlines  as  in  Discocampyli,  but  adven- 
titious lobes  and  saddles  have  Sageceras- 
like  outlines.  Antisijihonal  lobe  bifid  and 
very  long.  Dorsal  inflections  more  com- 
plex than  in  jireceding  families.  A^ier- 
ture  with  ventral  crests. 

Hedenstroemia,  Waagen ; Anaheden- 
Mroemia,  gen.  nov.  Tyjie  A.  (Heden.) 

Mojsisovicsi,  Diener  sji.  Trias. 

I Sub-Order  F.  DISCOCAMPYLI.  Hyatt. 

Primitive  genera  show  close  approximation  to  primitive  types  of  Prolecanitidae. 
Bases  of  saddles  retain  the  entire  rounded  outlines  of  Lecanites  even  in  specialised  genera, 
hut  the  lobes  become  completely  divided  by  fine  marginal  serrations  or  digitations.  This 
I purely  ceratitic  outline  is  maintained,  more  or  less  in  all  groups  except  highly  specialised 
genera,  in  which  the  saddles  are  completely  divided  and  the  discocampylic  bases  disappear. 

' Antisiphonal  lobe  entire  in  primitive,  but  bifid  or  trifid  in  specialised  forms,  and  zygous 
, dorsal  inflections  assume  the  ceratitic  outline  in  some  genera.  Ventral  lobes  very  broad 
j and  short,  and  have  very  broad  siphoned  saddles  in  typued  forms. 

The  number  of  external  inflections  rarely  exceeds  three  saddles  and  three  lobes  in 
jjrimitive  forms,  and  the  first  jiair  of  lol)es  as  a rule  is  I'ery  much  longer  and  broader 
than  the  others.  While  tlie  external  saddles  often  assume  a^ijiroximately  monojihyllic 
outlines,  the  dorsal  saddles  commonly  retain  the  broader  and  less  differentiated  aspect 
of  Lecanitidae,  and  saddles  never  become  divided.  The  number  of  dorsal  inflections  is 
more  limited  in  most  forms  than  in  Vhyllocampyli,  and  when  lengthened  by  additional 
inflections,  the  digitations  are  ajit  to  be  irregular. 

I I.  Lecanitida. 

Compressed  discoidal  and  involute  forms.  Cornpjresscd  pjriinitive  genera  have  entire 
t sutures  with  broad  rounded  saddles  and  rather  narrow  lobes,  the  ventral  lobe  being  broad 
and  shallow,  and  the  siphonal  saddle  also  broad.  Involute  shells  generally  have  pro- 
longed lateral  suture-lines  ivith  an  indefinite  number  of  often  irregularly  proportioned 
mflcctions,  which  are  really  marginals  arising  from  the  division  of  a prolonged  inner 
I saddle  or  nearly  straight,  depressed  lobe-like  inner  line.  Dorsal  sutures  have  similar 
characters  and  the  antisiphonal  lobe,  which  is  entire  and  pointed  in  primitive  forms, 
usually  remains  entire  on  the  sides  and  bifid  at  the  extremities  in  specialised  forms. 


Fig.  1130. 

Sageceras  Ilaklingeri,  Hauer  .sp.  Upper  Trias;  Hall- 
stadt,  Austria. 
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I cUiiil\  I.  LscQ/iiiticla©.  Primitivo  discoidul  shells  like  those  ot'  rolcc(t}t if ithtc, 
witli  sliort  I'ouiided  entire  saddles  and  lobes  like  those  of  Ihr^rf/icerus,  hut  ventral  lobes 
divided  by  short,  coini)aratively  broad  and  entire  si])honal  saddles.  There  are  all  stages 
in  the  development  of  these  .saddle.s,  so  that  their  aspect  is  rather  variable.  There  are 
as  a rule  fait  two  principal  lateral  saddles  and  lobe.s,  with  one  anxiliary  saddle  and 
shallow  lobe  on  either  side  in  primitive  specie.s,  but  in  others  the  number  of  auxiliaries 
ma}  be  considerably  increased.  Antisiphonal  lobe  entire,  .and  often  long  .and  acute, 
the  zagous  dorsal  lobes  are  very  slight  so  far  as  known,  and  entire  ; mei’ely  marginals 
in  the  dorsal  saddles. 

Ponifmtnitcs,  Dienei- ; Li-mnilex,  i\Ipjs.  ; Kipnufife.'^,  J‘amhjwullh‘s,  AVaagen  ; 
rroarifrs,  Arthaber.  Tria.s 

bamily  2.  Badiotitidae.  Oiscoidal  and  ina’olute  shells  similar  to  Lecanitett, 
especially  in  the  dorsal  sutures,  but  with  well-defined  costae,  and  keeled  a^enters. 

^ ^ Includes  ]ladiotitt>s,  Aloj.s.  (Fig.  1140i,  and  iJorirranites,  Hyatt. 

Trias. 


Fic.  II  10. 

Bad  iot  1 (es  Ery.i 
!\Uinst.  sj).  Keuper 
St.  Ca.ssiaii.  Tyrol. 


Family  3.  Flemingitidae.  A provisional  grou])  of  discoidal 
forms  having  longitudinal  ridges  as  in  Chidiscitidue.  The  char- 
acteristics of  fl'ynmiiujites  connect  it  apparently  avith  Lemnitidae, 
a\  Idle  in  1<  lerniiKjitea  the  saddles  are  hmg  and  iiaa’e  a monojihadlic 
aspect.  There  are,  howea'ei’,  no  truly  monojihyllic  saddles  at  any 
.stage  so  far  as  knoavn.  The  suture  lines  do  not  have  the  inner 
extensions  common  in  Gyronitidju-.  Antisijilional  lobe  bifid,  its 
sides  entire,  and  zygous  dor.sal  inllections  lindted  in  number;  hut 
the  lobes  are  aeiy  broad,  and  their  margin.al  s.addles  jiointed,  irregular  in  size. 

Xeiiodixriot,  FlpwiiiyUes,  AAhiagen ; iryomiiujifoi,  gen.  nov.  Type  IF. 

{Med-or.)  upldimtu.m,  AVhite  sp.  IViaiiian  and  Trias. 

Family  4.  Meekoceratidae.  AAhiagen  (pur.s).  Shells  smooth,  compre.-^sed,  dis- 
coidal, and  ina'olute,  .and  as  a lule  avith  n.ai'roav  and  more  or  le.ss  llattened  a’enter. 
Sutures  in  many  forms  haa'e  a tendency  to  extend  the  inner  Lateral  .-^addles  or  lobes, 
and  to  dea'elop  .a  corresponding  series  ot  auxiliaiaes ; anil  this  is  carried  to  an  excessia'C 
extent  among  .some  highly  inaolnte  shells.  The  ventral  lobes,  hoavever,  are  apt  to 
remain  broad  and  .shalloav  ; their  arm.s  become  highly  denticulated  e.xcejit  in  Gyronites, 
aahere  they  .aia;  n.aia'ow  .and  jiointi'd  as  in  Lrr(t n it i(f(ie.  Saddles  entire  and  gener.ally 
someaahat  elongated  and  linguiform,  but  ]ilainly  of  the  Li’i'imifi’s  tv']>e.  Antisijdion.al 
lobe,  so  lar  as  known,  long,  narrow,  and  liifid  so  far  .a.s  known.  E.xtremities  of  dor.sal 
.sutures  jiroduced  and  corresponding  with  inner  parts  of  external  sntures. 

Mi’i'1;(ire.rii.<,  Hyatt ; /cohii'difi’x,  Toula  ; I’noiiolohiix,  Gyronifeit,  Bcyrichiten,  Koninck- 
itcit,  Kniiiitm^  ^Ifipiif I’roptyrintef:,  Clypite.it^  Puranontes,  AA'aagen  ; Aplenroceras, 
gen.  nov.  Type  ^1.  (f'eruP)  Sfiiri,  Aloj.s.  .sp.  Trias. 

Family  o.  Prioiaitidae.  Similar  to  G yromfidne,  but  nodes,  when  they  occur, 
are  largei’,  and  sutures  have  more  or  le.ss  jiointed  sijihonal  saddles,  which  are  usu.allv 
divided  by  a siphonal  lobe.  Dor.sid  sutures,  so  far  as  known,  have  fewer  inflections 
and  different  outlines. 

Gphicerus,  (Iriesb.  ; J idniintes,  Diener;  Pnonifrs,  Goniodiaciui^  AA'aagen  ; Aplucu- 
ci’rrt.s',  gen.  nov.  Tyjie,  yf.  (Tfia.)  nrisiav  kk,  Xop.  .“ji.  Plococcraf;,  gen.  nov.  Tyjie  P. 
(Din.)  dal  unit  m n nfi,  Afojs.  .sji.  Diiiplococerii,‘<,  gen.  nov.  d'ype  I).  (Din.)  liccanus,  Aloj.s. 
sj).  Trias.  Profaphicenm,  gen.  nov.  Tyjie  (Dannh.)  Xirolaf,  Diener.  Trias. 


II.  AECIOC'EIt.VTII).\. 

^IppiO'rntly  ronnerfed  fln'onyh  'pi'i’in'itivn  forma  xmth  Protophireraa.,  althoiiijh  auturea  of 
later  atayea  in  moat  forma  depart  vndely  from  the  discocarnpylic  outline,  and.  are  quite 
.-nmilar  to  thoae,  of  Pinacocerutidae..  The  auxiliary  .serie.%  hovjever,  ia  hiylily  inclined 
apicad  a.a  a rule,  and  develoqis  differently.  There  are,  no  adventitious  infleefions. 
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Family  6.  Ptychitidae.  Similar  iu  aspect  to  primitive  forms  of  Gyronitidae, 
Init  having  suliacute  venters,  less  complex  sutures,  and  the  auxiliary  series  straighter, 


as  in  Prionitidae.  Ptijchites 
(Fig.  1141),  Jajjonites, 

Mojs. ; Pseudodan  abitcs,  gen. 
nov.  Type  P.  (Danub.) 
dritarshtra,  Diener  sp. 

Trias. 

Family  7.  Aegocera- 
tidae.  Neumayr  (restrict.). 

Smooth,  compressed,  dis- 
coidal  shells  vith  rounded 
venter  in  primitive  forms, 
becoming  involute  vith 
acute  venter  in  specialised 
specie.s.  Sutures  similar  in 
convexity  and  general  asjiect 
to  those  of  P'inucocemtidae, 
liiit  having  peculiar,  highly 
inclined  auxiliaries  which 
are  developed  apparently 
from  marginals  on  the  um- 
bilical sides  of  the  saddles  ; 
no  corresponding  adven- 
titious intlections.  Siphonal 
saddle  similar  to  that  of 
Prionitidae,  and  arms  of  the  I'entral  lolie  narrow.  First  lateral  saddles  are  deitendent 

on,  or  attached  to  the  large  siphonal  saddles, 
and  often  simulate  adventitious  .saddles. 

Aegoceras,  Waagen,  s.  str.  {Gyrnnites,  (Moj.s.), 
("Fig.  1 142)  ; Buddhaites,  Dieuer  ; Anugij’iiin  ites, 
gen.  nov.  Type  A.  (Gym.)  Lamarcld,  Diener 
sp.  Paragiimnifes,  gen.  nov.  Type  P.  (Phu'.) 
mountain.,  Mojs.  sp.  Tria.s. 

Family  8.  Hungaritidae.  Involute 
forms  with  keeled  or  more  or  less  acute  venter. 
Ventral  lobes  remain  undivided  in  some  forms 
until  a late  stage  of  growth.  S2)ecialised  shells 
have  a more  or  less  extensive  series  of  auxil- 
iaries, and  a few  adventitious  intlections 
derived  from  division  of  the  siphonal  saddle. 

Hnnyarites,  Canutes,  Longohardites,  Mojs.  ; 
Noetlingites,  gen.  nov.  Type  X.  (Hung.)  Htrom- 
heelci,  Griepenk  sp.  ; Iherites,  gen.  nov.  Tyjie 
I.  (Hung.)  Pradoi,  Mojs.  s]>.  Trias. 


Fro.  II4I. 

Pt yell  ites  flexuosus,  MoJ.s.  ( = Amm.  .Studeri,  Hauer  p.p.).  Musclielkalk  ; 
Sclireyer  Alp,  Salzburg.  Austria. 


Fig.  1142. 


Aegoce.ras  { = Gi/Mnite:i)  Palmai,  Mojs.  Muscliel- 
kalk  ; Schreyer  Alj),  near  Gosau,  Austria. 


III.  Ceratitida. 

Primi tire  forms  discoidal,  conrjjressed,  and  have  sutures  ivith  undivided  ventral  lubes  ; 
specialised  forms  have  the  latter  divided,  and  shells  more  or  less  involute,  also  more  or  less 
nodose  or  costated.  Saddles  are  of  the  typical  discophyllic  form,  the  lobes  usually  narrow, 
denticulated,  long,  and  broadening  more  or  less  at  the  apical  ends.  Ventral  lobes  in  these 
are  apt  to  be  very  broad  and  shallow,  with  denticulated  arms,  and  small  divided  .siphonal 
saddles. 
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Family  !).  Celtitidae.  Primitive  I'orms  discoidal,  comprci^'^ed , and  costated. 
The  costae  iu  some  cross  tlie  venter,  and  are  also  developed  after  a tnliercnlated  stage 
a.s  in  Siliirih'dae.  Sutures  iu  these  are  often  entire,  the  ventral  lohe.  undivided  (flyclo- 
celfitex),  and  there  may  l>e  hut  one  pair  of  ])rincipal  laterals,  or  at  most  two  ])air.s, 
with  one  pair  of  auxiliary  lohes.  Atiinity  with  Thcnjicems  and  Lecanitidae  is  indicated 
by  the  sutures  of  these  shells.  Specialised  forms  have  smooth  zones  or  keels  on  the 
venter.  Antisiphonal  lobe  entire  in  })rimitive  genera,  becoming  bilid  in  specialised 
forms  and  often  very  long.  Costae  and  all  characters,  exce])t  sutures  in  some  genera 
(Arniotifcs)  approximate  closely  to  Liassic  forms. 

CijcloceIt)fC!<,  fifijrlten,  Tropiceltitri^,  Arniocdtitex,  and  pei'haps  lOn'diiHierites, 


n IS 


CeidlUi'S  iiOiJusiif,  dp  lUat).  .Mii.sclielk.-Uk  ; Wiir/biir^',  liavaiia.  .1, /i,  Concli,  ]/•(.  f,  Left  half  of  .siitme- 
liiie.  D,  First  aial  secoiiU  lateral  saddles  and  auxiliaries  to  left  of  line  of  involution'(H) ; half  of  drrsrl  .suture- 
line to  ri^dit.  (.1/.,  Antisiiihonal  lobe  ; other  lettering  as  in  Figs.  10inj-]0ti7.) 


IVlojs.  ; Arniotites,  llvatt  ; Florunutes^  gen.  nov.  Tvpe  /•'.  (Cdf.)  Fluriani,  Moj.s.  s]i. 
Tria.s. 

Family  10.  Sibiritidae.  i\Iojsi.sovic.s.  Piimitive  forms  discoidal  and  often 
tuberculated,  giving  id.-e  to  invohite  and  coni2)res.sed  shells,  without  tubercles  and  with 
slighter  co.stae.  The  costae  usually  cross  the  vent(‘r  and  are  often  more  or  les.s  con- 
vergent to  node.s  on  the  ventro-lateral  angles  of  some  .shells,  which  usually  have  a broad 
venter  and  more  or  le.ss  trajiezoidal  .section.  The  nodes  disajijjear  in  later  stages,  when 
the  sides  generally  Itecome  nif)re  rotinded,  and  the  venter  more  elevated.  Sutures  have 
divided  ventral  lobes,  with  divided  siphonal  .saddles.  Lateral  inflections  entire  in 
Iirimitive,  but  in  s])ecialised  forms  the  lobes  become  denticulated. 

Stcpihanifet!,  AVaagen  ; Sihirites,  Anasibirites,  Metasibirites,  Thdidites,  Mojs.  ; Para- 
stnphanites,  gen.  nov.  Tyjie  P.  (Adn-odi.)  afavun,  AA'aagen  .sj).  Pseudocdtites,  gen.  nov. 
Type  P.  {Celt)  mtdfiplicntus,  AVaagen  s|j.  Trias. 

Family  11.  Ceratitidae.  Alojsisovics  (ptars).  Primitive  forms  discoidal  or 
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involute,  but  stout-v'lioiied  and  keelless,  becoiiiing  more  comjiressed,  and  having  a ln'oad 
slightly  elevated  median  ventral  ridge  in  more  specialised  genera.  Sides  have  at  least 
one  line  of  nodes  in  primitive  forms,  and  are  more  or  less  completely  costated  with 
several  lines  of  tubercles  in  specialised  shells.  Sutures  in  the  young  and  in  primitive 
genera  have  a magnosellariaii  aspect,  but  when  the  broad 
internal  saddles  become  divided,  the  internal  inflections 
resemble  those  of  Lecanitidae.  In  primitive  forms 
(Olenikites)  the  saddles  are  broad  and  very  shallow  ; lobes 
entire,  and  ventral  lobe  divided  by  a larviform  sijihonal 
saddle,  which  is  sometimes  entire. 

The  large  nodes  and  stout  volutions  of  primiti\’e  forms 
indicate  iiarallelism  with  Stephanites  and  Parasfepjhanites 
of  the  preceding  family.  Saddles  and  lobes  ha-\'e  the 
typical  ceratitic  outlines,  as  a rule,  but  in  some  forms 
the  auxiliary  line  may  be  extended  as  in  GyroniHdae. 

Occasionally,  also,  costae  may  cross  the  venter  as  in 
Bibiritidae. 

Ceratites,  Haan  (Fig.  1143);  Danubites,  Mojs.  ; Bala- 
tonites,  Mojs.;  Reiflingites,  Arthaber;  Gijmnofoceras,  Hj^att; 

Paraceratites,  gen.  nov.  Type  P.  (Ger.)  elegans,  Mojs.  sp. 

(Fig.  1144);  Olenikites,  gen.  nov.  Type  0.  (Pin.)  spini- 
plicatus,  Mojs.  sp.  Keijserlingites,  gen.  nov.  Type  K. 

(Ger.)  siohrobustus,  Mojs.  sp.  ; Arctoceras,  gen.  nov.  Type  A.  (Ger.)  polaris,  IMojs.  sp. 


Fig.  1144. 

Paraceratites  trinodosus,  Hauer  sp. 
Muschelkalk ; Bakoiiy,  Hungary 
(after  Mojsisovics). 


IV.  Tirolitida. 

Primitive  forms  compressed , discoidal,  and  have  only  onepair  of  narrow  entire  lateral 
lobes,  and  two  broad  entire  saddles  tvith  incomplete  lobes  in  the  umbilicus  as  in  Parodo- 

ceras.  Number  of  inflections  seldom  exceeding  three  or  four, 
and  the  auxiliary  sutures  never  much  extended.. 

Family  12.  Tirolitidae.  Mojsisovics  (pars).  Com- 
pressed, discoidal,  or  involute  shells  resembling  Diimritidae 
in  tlieir  sutures,  and  ha^dng  entire  saddles  and  slightly 
denticulated  lobes.  Ventral  lobe  may  remain  entire  until 
a late  stage  in  some  forms,  but  as  a rule  it  is  divided,  and 
siphonal  saddle  is  small  and  often  entire.  Shells  have  a 
line  of  nodes  on  the  ^•entro-lateral  angles,  and  the  venter 
is  invariably  smooth  and  convex. 

Includes  Tirolites  (Fig.  1145)  and  Mctatirolites,  Mojs., 
from  the  Alpine  Trias.  SuIj  - Family  Clydonitinae. 
Sutures  similar  to  Tirolites,  l)ut  costae  interrupted  on  the 
venter,  which  is  often  channeled.  Includes  Glydonites, 
Eremites,  Hauer  ; and  Ectolcites,  Mojs.  Trias. 

Family  13.  Dinaritidae.  Mojsisovics  (pars). 
Sutures  resemljling  Tirolites  in  having  only  two  broad 
saddles,  one  pair  of  first  lateral  lobes,  and  incomplete  lobes 
at  the  umbilicus.  Shells  smooth,  or  with  coarse  folds  most 
prominent  at  the  umbilical  shoulders ; sides  more  or  less 
flattened  or  plano-convex,  and  venter  rounded. 

Dinarites,  Mojs.  (?)  Pseudoharpoceras,  Waagen  ; Pseudodinarites,  gen.  nov.  Type 
P.  (Din.)  rnahommedemus,  Mojs.  sp.  Trias. 

Family  14.  Buchitidae.  Primitive  forms  similar  to  Geltitidae,  with  smooth 
elevated  venter  ; more  specialised  shells  with  slight  keel  on  the  narrow  venter,  and 
simple  costae  or  folds  on  the  sides.  Sutures  have  entire  outlines,  or  lobes  but  slightly 


Fig.  1145. 

Tirolites  Cassiaiins,  Querist,  sp. 
Upper  Trias;  Groiies-Hof,  near 
St.  Cassian,  Tyrol. 
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■ (le;iticulatecl ; and  when  tlie  saddles  are  completely  divided  their  marginals  are  small. 
Sutures  otherwise  .similar  to  those  of  1 finaritidae,  and  the  young  have  a Dinarites  stage. 

Antisiphonal  lobe  entire  and  bifid  in  some  forms. 

Buchites,  Helictifes,  Phormediies,  Barathishitcx, 
GhjphiiUfes,  Mqjs.,  and  jierhaiis  Eudiscoceras,  Hyatt. 
Ti’ias. 

Family  15.  Arpaditidae.  Differs  from  7i a r/if- 
tidae  in  the  tendency  to  form  channeled  ventei-s 
bordered  by  two  ridges,  which  may  be  either  tuber- 
culose  or  smooth. 

Arpaditrs  (Fig.  1146),  Kllpsteiniu,  Jjittmaritcs, 
JMucnsterites,  Steiii'inannitcs,  Daphnites,  Dionifes, 
] >ri_paaitcit,  Hcraclites,  Guemhelites,  Cyrtopleuntes,  and 
A(’rt/if/(f /rites,  Mqjs.  {!)  Bosnites,  Hauer.  Trias. 

Family  16.  Trachyceratidae.  Discoidal  and 
involute  shells  with  well-defined  and  often  profirsely 
tuberculated  co.stations  which  are  interrupted  on  the  ventral  asjiect  by  a smooth  zone 
or  channel.  This  may  in  some  sj/ecialised  forms  become  a distinct  cliannel  bordered 


Arivuliles  Cl nensix, 
Esino,  Lonibardv. 


Mojs.  Keuiier ; 


.1 


/; 


Ek:.  1147. 

Triii-hiircrax  ,1  i's(/'ini’//i/i,  Mojs.  Upppr 
Trias;  IMthelUtein,  near  Aussee,  Austria. 


I’rotrachiircms  Archehnis,  Daube.  Uii])Pr  Trias  (Norian); 
Bakony,  Hungary  (after  Mojsisovics). 


by  tubercuhited  ridges.  Lobes  and  saddles  comjtletely  divided  Ity  marginals,  but 
lhe.se  do  not  become  very  long  nor  comj/lex. 

.1  Tracliijcemii  (Fig.  1147),  Brotrachyceriui  (Fig.  1148),  Anolciten,  Hand- 

liiic/itcs,  Sirciiitc-%  Anasirciute.%  Diplosircnitcx,  Mqjs.  Trias.  (T)  Hrfperitef!,  Pompeckj. 
Phaetic. 

Family  17.  Tibetitidae.  Compressed  involute  foi  nis  with  channeled  venter  as 
in  Arpaditidae,  but  sutures  generally  -with  adventitious  inflections  developed  through 
division  of  the  first  ]>air  of  jtrimitive  lateral  saddles.  Auxiliary  series  developed  by 
division  of  the  large  internal  sadille.s. 

Anatihditex,  Tihetites,  Baratihetifes,  Haucrites,  Mqj.s.  Trias. 

Family  1 8.  Pinacoceratidae.  MoJsisovic.s.  Comiu-essed,  more  or  less  involute 
forms  with  rounded  venter  only  in  ju-imitive  .species.  Sutures  greatly  complicated, 
convex,  ami  with  iulventitious  inflections  ; also  often  with  a corresponding  series  of 
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aiixilianea  ^ ential  lol.ie  in  some  forms  similar  to  that  in  Tirolitulae,  and  mode  of 
generation  of  adventitious  inflections  in  Pladtes  is 
the  same  as  in  Tihetitidae ; that  in  Pinacoceras  is 
unknown. 

Pladtes,  Bamhaganifes,  Pinacoceras  1149 
1150),  j\[oj.s.  Trias. 

Family  19.  Ohoristoceratidae.  Discoidal 
ammoniticones  in  juiraitive  forms,  liecoining  un- 
coiled phylogerons,  and  finally  even  cornplete 
baculiticones  in  the  most  specialised  sjiecies. 

Sutures  also  iihvlogerontic,  having  only  six  entire 
01  very  faintly  denticulated  lobes,  and"  si.x  entire 
saddles.  Ventral  lobe  divided,  and  the  anti- 
siphonal  either  entire  or  bifid  af  its  extremit}'. 

Dorsal  lobes  and  .saddles  otherwise  entire.  Con- 
nected through  Pobjajclm  with  Buchites,  accordim- 
to  Mojsisovics.  ° 

Pohjcyclus  (Fig.  1151),  Peripleurites,  IMojs.  • 

Choristoceras  (Fig.  U 5-2),  Bhahdoceras  (Fm.  1153)’ 

Hauer.  Trias. 

hainily  20.  Oochloceratidae.  Turriliti- 
cones  with  costae  similar  to  those  of  preceding  family,  but  more  or  le.ss  asymmetrical 


Fig.  niO.. 

Plnacocencs  Loueri,  Hauer  sp.  Upper 
Trias  ; Euthelstein,  near  Aussee,  Austria. 


in  consequence  of  the  asymmetry  of  the  spires. 


Lol.ies  reduced  to  four  in  number, 


Fig.  1151. 

Polyci/cbts  nastur- 
tium, Dittinar  sp. 
Keuper  ; Sandling, 
near  Aussee. 


Fig.  1152. 


Ciioristocero.s  Marshi, 
Hauer.  Rhaetic;  KendeF 
engraben  am  Usterliorn, 
near  Salzburg. 


Fig.  1153. 

Jitw.hdocerasSiicssi, 
Hauer.  Keuiier ; 
Sandling,  near 
Aussee  (after 
Hauer). 


Fig.  1154. 

Cochloceras  Fisrheri, 
Hauer.  Sandling, 
near  Aussee  (after 
Hauer). 


and  there  are  other  phylogerontic  suppressions, 
absent. 


Funnels  monochoanitic,  collars 


Cochloceras,  Hauer  (Fig.  11,54);  Paracochloceras,  Mojs.  Trias. 
VOL.  I 


5G2 


.AIOLLUSCA 


SUB-KINGDOM  VI 


Sub-Order  G.  PHYLLOCAMPYLI.  Hyatt. 

All  extensive  series  of  ejenera  huviiuj  saddles  with  rounded  outlines  in  primitive  forms, 
and  as  a rule  ivith  phylloidal  bases  in  sutures  with  divided  lobes.  IVhen  the  saddles  are 
cornpletchj  divided  by  marginal  lobes,  the  marginal  saddles  still  retain  the  same  mono- 
■jdiyllic  outline.  Dorsal  lobes  and  saddles  generally  numerous,  except  in  primitive  forms. 
Antisiphonal  lobe  entire  only  in  primitive  forms,  becoming  bifid  with  more  or  less 
jier.si.stently  entire  sides  in  some  groups  even  in  the  Jura  and  Cretaceous,  but  in  others 
they  may  become  either  bifid  or  trifid,  and  in  highly  sjieeialised  Triassic  forms  may  acquire 
considerable  complexity  of  outline.  The  zygous  dorsal  saddles  are  commonly  monophyllic. 


1.  Prolecanitida. 

The  young  in  this  group  have  an  ibergiceran  .stage  iKarpinslcy)  with  very  long  un- 
divided, ventral  lobe.  Primitive  forms  are  compressed,  discoidal,  and  more  specialised 
genera  become  involute  and  assume  a modified  anarcestean  a.spect.  Saddles  are  entire  in 
the  former,  but  the  first  laterals  become  very  large  and  are  subdivided  by  simple  marginal 

lobes.  Lateral  lobes  entire  in  primitive  genera,  and  become 
bifid  or  trifid  in  speciali.sed  forms,  but  rarely  have  mure 
numerous  digitations.  Antisipihonal  lobe  entire  or  pointed. 
Siphuncle  without  calcareous  sheath  ; funnels  monochoamtic 
so  far  as  hnown. 

Family  1.  Prolecanitidae.  Shells  discoidal  or 
involute,  compre.ssed,  suhquadrate,  or  helmet -slia2)cd  in 
section,  Init  never  semihinate  e.\cej)t  during  the  anarcestean 
stage  of  the  young.  Primitive  forms  have  undivided 
ventral  lohe.s,  and  i-ounded  saddles  and  lobes  of  the 
lecanitean  tyix* ; sometimes  also  they  have  large  inner 
saddles  slioving  derivation  from  Magnosellartdae,  hut 
there  are  not  less  than  two  lateral  lohe.s.  More  sjiecialised 
shells  have  entire  hastate  lobes  and  saddles,  and  similar 
hut  divided  ventral  lohe.s.  Ajierture  with  well-marked 
hyjjonomic  sinus.  Shells  smooth 
or  costated,  and  often  witl 
tudinal  ridges. 

Ibergiccras,  Karji.;  I'rolecanites, 

^lojs.  (Fig.  115.5);  Agathiccras,  Dorycera.s,  Adrianite.%  Clino- 
lobu.s,  (lemm.  De\-onian  to  Permian. 

Family  2.  Noritidae.  AVaagen.  Similar  to  Prolecani- 
tidae, hut  the  ventral  lohe  in.stead  of  becoming  divided  in  the 
usual  way,  retains  the  larval  trilid  stage  throughout  life  in 

s^iecialised  forms  the  larval  si^jhonal 
saddles  enlarge  in  the  neanic  stage, 
thus  Iniilding  u]>  a .single  sijihonal 
saddle  witli  a com])aratively  large 
siidunial  lohe.  First  lateral  lobes  may 
he  lutid,  tritid,  or  comi)letely  digitated 
in  S2>eciali.sed  shells,  and  when  the 
second  and  other  lateral  lobes  also 


1155. 


I’rohrrutilcs  htnuUcosto,  8antl1), 
Dpvoniau;  Xassau  (aftpr 
Sandbprger). 


longi- 


]irimitive  .s])ecie.s. 


In 


Fici.  n.'j 


Fio.  1150. 


Su lure-line  of  Noriics 
CronihAd,  Mqjs.  Mu.schelkalk  ; 
Schreyer-Alp,  near  Hallstadt, 
Austria. 


become  digitated  the  outlines  are 


Pronoriics  cydolohus,  Pliill. 
sj».  Carboniferous  Jaine- 
stone  ; Grassington,  York- 
shire (after  Philliibs). 


ceratitic.  The  saddle.s,  however,  retain  more  or  less  of  their  primitive  outlines,  and 
their  lia.-^es  are  entire.  Sutures  without  true  adventitious  inflection.s.  Ajiertures 
have  crests  at  the  ventro-lateral  angles  ; straight  or  with  faint  sutures  at  the  venter, 
hut  rejdaced  by  slight  crests  in  some  Triassic  genera. 
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Paraprolecanites,  ^a,v\x Fronorites,  Mqjs.  (Fig.  1156); 
Geiiim. ; Amhites,  Waagen ; Norites,  Mojs.  (Fig.  1157). 

Family  3.  Medlicottidae.  Shells  compressed,  dis- 
coidal,  and  involute,  with  smooth  or  costated  sides,  and 
often  costated  or  tidierculated  and  channeled  venter. 
Ventral  lohe  entire  in  primitive  species,  and  tritid  or 
divided  as  in  primitive  Fronoritidae  in  more  specialised 
forms.  First  lateral  saddles  simple  ljut  divided  in  primi- 
tive genera,  and  acquire  in  Medlicottia  through  hyper- 
trophy and  the  develotmient  of  marginals  extraordinary 
serrated  outlines.  Aperture  as  in  Fronoritidae. 


Farapronorites,  Da ruelites, 


i L EL 
Fio.  1158. 


Fig.  1159. 

Siiture-line  of  McdUcottia  primns,  AVaagen.  Permo- 
Carboniferous  ; Salt  Range,  India  (after  Waagen). 


Medlicottia  TratUscholdi,  Geniui. 
Periuo-Carboniferou.s  ; Sosio, 
Sicily  (after  Genimellaro). 


Sicanitcs,  Gemm.  ; Frornedlicottia,  Karp.  ; Fropinacoccras,  Gemm.  ; Medlicottia, 
Waagen  (Figs.  1158,  1159).  Permian. 


II.  Lobitida. 


An  isolated  (jroup  resemhlimj  Anarcestidae  through  the  phylogerontic  contraction  of 
the  living  chamher,  but  sutures  similar  to  those  of  Frolecanitidae.  Saddles  entire,  hut 

the  lateral  lobes  arc  bifid  in  the  young,  and  the 
median  marginals  in  these  lobes,  becoming  larger 
by  growth,  are  often  nearly  equal  in  size  to  the 
more  primitive  laterals  in  ephebic  stages.  Anti- 
siphonal  lobe  bifid  and  other  dorsal  inflections 
entire  and  similar  to  those  of  Frolecanitidae. 

Family  4.  Lobitidae.  Only  two  primi- 
tive lateral  lobes  are  developed  in  early  neanic 


Fig.  iico. 


sub  - stages  ; the  others 


arise  by  hypertrophy  of 
the  secondary  marginal 
saddles,  which  subse- 
(piently  divide  the  primi- 
Aperture  in  ephebic  stage 
; contracted  and  more  or 

Lohites  pisum,  Miinst.  sp. 
Keuper  (Carniolan) ; St. 

Includes  only  Lobites,  Mojs.  (Fig.s.  1160,  1161),  from  the  Cassian,  Tyrol. 

Alpine  Trias. 


Lohites  dclphhiocephalus,  Hauer  sp.  U})per 
Trias ; Sandling,  near  Au.ssee,  Austria.  A , B, 
External  aspect.  C,  Median  section,  J>, 
Suture-line,  i/i. 


tive  lobes.  Antisiphonal  lobe  bifid, 
normal  and  with  slight  ventral  crests 
less  distorted  in  gerontic  stage. 


Fig.  1101. 


III.  Arcestida. 

Gonchs  'more  or  less  smooth,  involute,  rarely  discoidal,  invariably  Anccrcestes-like, 
similar  to  many  of  the  preceding  groups,  but  with  more  complex  sutures.  Finally  in 
Arcestidae  o/nd  Gladiscitidae  the  prolecanitean  outline  survives  as  a rule  only  in  the 
peculiar  straightness  and  uniform  size  of  the  lobes  and  saddles.  The  retention  of  mono- 
qihyllic  outlines  in  the  inner  saddles  and  in  the  dorsal  sutures,  as  well  as  in  the  young 
stages,  occurs  in  some  forms,  hoivever,  even  in  these  families. 
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Family  a.  Popanoceratidae.  Shells  similar  to  A /'rest  (except  in  in  imitive 

Poiuinoceras,  which  is  discoidal  ami  comj)res.secl).  Saddles  have  entire  monophyllic 
bases,  and  dorsal  sutures  are  similar  to  those  of  Prolecanitidue  in  some  genera  ; but  in 


Fii;.  1102. 

Popatioreras  'in}il(istrif>tinn,  Gemin. 
Pt'riiio  • Carboniferous  ; ?<osio,  ^ijicily. 
2/;{  (after  Genimellaro). 


Fio.  1103. 

Cydolohus  Stachei,  Geinm.  Permo-Carboniferous  ; Sosio 
Sicily  (after  Gemmellaro). 


others  they  become  more  complex  and  .show  approximation  to  Arcestidae.  Antisiphonal 
lobe  tritid,  but  otherwise  entire  in  primitive  form.s,  becoming  conijilex  in  specialised 


Fio.  1104. 

„ .Mojs.  Upper  Trias;  HteinbergkOKel,  near  llall.staflt,  Au.stria.  , I,  B,  External  aspect. 

C,  Median  section,  /i,  t>nture-line. 


genera.  Aperture  with  hyiionomic  sinus  in  primitive  genera,  Imt  acquires  faint  crests 
in  shells  that  re.senible  Arcestidae. 

Staclicoceraa,  Jl'ifitjcnoceras,  Hi/attoccran,  (.ieunn.  \ Popanorera.s,  Hyatt  (Fig.  1162); 
Pdraimpnnocera^,  Hang;  Cyclolobus,  Waagen  (Fig.  1163).  Permian  and  Trias. 

I'amily  6.  Arcestidae.  Mqjsisovics  (pars).  Smooth,  globose,  deeply  involute 
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aiiarcestean  forms,  discoidal  only  in  in-imitive  genera.  Gerontic  living  chamber 
usually  more  or  less  contracted  laterally,  becoming  sometimes  subacute  at  tlie  venter  ; 
in  extreme  age  dejiressed,  and  trun- 
cated or  concave  at  the  ajierture. 

The  latter  has  normally  in  tlie 
ephebic  stage  a low  liroad  ventral 
crest,  but  loses  this  in  the  para- 
gerontic  sub -stage,  and  ac([uires  a 
ventral  sinus  simulating  that  of 
Palaeozoic  and  more  ])rimitive 
forms.  Saddles  and  lobes  com- 
pletely divided  by  moi-e  or  less 
complex  marginals,  the  monophyllic 
outline  being  conqtletely  obscured 
except  in  the  young,  and  in  dorsal 
sutures  of  some  species.  Sijdional 
saddles  long,  and  not  very  deei)ly 
incised  by  marginal  lobes.  Anti- 
siphonal  lobe  bifid  or  tritid,  and 


Fig.  11(50. 


Fig.  110.3. 


Suture-line  of  Didi/mites  suhglobvs,  3Iojs. 
Upper  Trias ; Someraukogel,  near  Hall- 
stadt  (after  Mojsisovics). 


Joannifcs  cymhiformis,  Wulfen.  Upper  Trias;  Raseliber>'' 
near  Ainssee,  Austria.  Natural  cast  showing  living  chamber 
(after  JIoj.sisovies). 


complex  in  stiecialised  forms. 
A 


Other  dor, sals  may  also  become  Cjuite  comidex,  and  as  a 


i: 


rule  are  c o m p 1 e t e 1 y 
divided,  although  of 
course  simpler  than  the 
external  sutures.  Dorsal 
sutures  in  the  young  re- 
semlde  those  of  J'opano- 
ceratidac.  Funnels  chloio- 
choanitic  in  ephebic 
stage. 

J.sc  a hte.'f,  Sph  ingites, 


C 


front"tws“  c!'sutu^^^  near  Ilallstadt,  Austria.  .1.  n,  Side  and 


Arcestes  (Fig.  1164),  Stcnarcestes,  rroarceste.c,  Fararcestes,  Fiijcltarce.^fes,  Joannites 
Mojs.^  (Fig.  1165) ; Jlhaetites,  gen.  nov.  Tyjie  R (Arc.)  rhacticm,  Clark  .sp.  Trias. 

family  7.  Didymitidae.  Mojsisovics.  Couchs  globose  like  Arccstidae,  but 
Jiaving  growth-lines  evenly  concave  on  the  sides  instead  of  sigmoidal,  and  sutures  with 
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solid  l>road  tiifid  saddles.  The  division  of  these  hy  large  secondary  lol>es  is  similar  to 
that  which  occurs  in  the  hi'st  laterals  of  Mnnticoa'ras  and  Sporadocejyts,  but  affects  more 
of  the  primitive  laterals.  Aperture  with  only  short  broad  crests  on  the  venter. 

Includes  only  Lidtjmites,  Mojs.  (Fig.  llGt!),  from  the  Alpine  Trias. 

Family  8.  Cladiscitidae.  Zittel.  Some  shells  resembling  Arcesfichte,  hut 
typically  the  sides  are  Hat,  venter  plano-convex,  and  suilace  usually  covered  with 
longitudinal  ridge.s.  Sutures  similar  to  Arcestidae,  hut  more  comj)lex,  the  saddle.s 
being  reduced  in  many  forms  to  thread-like  narrownes.«.  (irowth-lines  like  tho.se  of 
Didyrnites  on  the  sides,  but  have  crests  at  the  ventro-lateral  angles,  and  very  broad 
ventral  crest.s. 

Glndiscites  {Hijpocladiscites),  (Fig.  1107;  ; PsUodad{i<cite!>,  Procladiscites,  Paracladis- 
cites,  Mojs.  Trias. 

IV.  Phvllocer.itida. 

Sludls  (IX  a nde  vith  'pficuUar,  prominent  hnndx  of  ijrovtJi.  Saddlex  in  pirimi- 
tive  genera  have  the  monnphgUic  baxex  of  thoxe  in  Popinnoceratidae,  hut  in  more 
xpecialised  groups  the  marginal  saddles  alone  retain  the  same  rounded  outlines.  Porsal 
saddles  and  lobes  are,  as  a ride,  at  least  three  in  number.  Antisiphonal  lobe  often 
bifid,  and  retains  either  entire  outlines  on  both  sides,  or  with  a,  few  simple  marginals, 
or  has  but  one  pair  of  short  lateral  branches.  Aperture  with  well-marhed  but  short 
ventral  crest. 

Family  9.  Megaphyllitidae.  IMojsisovics.  C'onchs  compressed,  discoidal,  or 
involute.  Sutures  with  primitive,  monophyllic  .saddle.s,  and  more  regular  in  the 

relative  size  of  the  lobes 
and  saddles  and  in  their 
marginals  than  succeed- 
ing families.  Anti- 
si])honal  lobe  bifid  but 
otherwise  entire. 

Monophgllites  (Fig. 

I 108),  Meciaphyllites, 
Mojs.  (Fig.  1109); 
Mojsraritcs,  Pompeckj  ; 
Diseophyllites,  gen.  nov. 
d’ype  1>.  (Li/toc.)  patens, 
iMojs.  sp.  Trias. 

Family  10.  Us- 
suritidae.  Conchs 
comjjressed,  dkscoidal, 
and  involute.  Sutures 
; have  modified  mono- 
. phyllic  first  lateral 
’ saddle.s,  the  second 
laterals  more  or  less 
pointed  in  Ussuria.  Auxiliary  series  remarkably  irregular,  and  all  the  lateral  lobes 
with  very  large,  more  or  less  pointed,  but  still  phylloidal  marginal  lobes  and  saddles. 
Ventral  lobe  broad  and  .short,  and  siphonal  .saddle  very  lai'ge. 

U.ssiiria,  Diener  ; Ussuritc.s,  gcu.  nov.  Tv])e  U.  {Moniqdiyl.)  .dehoticus,  Tticnev  sp. 
Tria.-. 

Family  11.  Phylloceratidae.  Zittel.  Principally  involute  sliells  with  very 
complex  sutures,  which,  however,  still  retain  monophyllic  outlines  in  the  marginal 
saddles.  Antisiphonal  lobe  with  entire,  side.s,  or  with  only  one  i>air  of  short  lateral 
branches,  and  extremities  usually  bifid. 
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Rhaco2)hyllites,  Zittel  (Fig.  1170);  Euyhyllites,  AViiliner  ; I’hylloceras,  Sue.ss  (Figs. 


Fig.  1170. 

ShacophijUites  neojurensis,  Qiienst.  sp.  Keuper  ; Hallstadt,  Austria. 


Phylloceras  licterophyUim,  Siov;h.  ax'.  Upper  Phyllocerus  pfychoicmn,  Quenst.  sp.  Titliouian  ; Straiiibei  L:, 

Lias  ; Whitby,  Yorkshire.  Moravia.  AL,  Antisiphonal  lobe. 


cSaooAai  cfi  «i  I L SI.  SI  L I t>i  «2  «;i  « I Li  . II 


Fig.  1173. 


Fig.  1174. 


Suture -line  of  Phylloceras  Nilssoni,  Heb.  sp.  Suture-line  of  .Soicerbiccras  tort isulco/Ks,  d'Orb.  .sp. 

Upper  Lias.  (after  Quenstedt). 

SL,  Ventral  or  siphonal  lobe  ; L,  First,  and  ?,  Second  lateral  lobes  ; u,l — •>,  Inner  or  so-called  auxiliary  lobes  ; 
)i.  Line  of  involution  ; Li,  Second  dorsal  lobe  ; AL,  Antisiphonal  lobe. 


1171-1173);  Soicerhiceras,  Paroiii  and  Bon.  (Fig.  1174);  Dasyceras,  gen.  nov.  Type 
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Jj.  {Fhyl.)  rahjseiViC,  Herljicli  sp. ; Sclilstopliijllocerus,  gnu.  nov.  '^^ype  »S.  (Phyl.) 
aidonotii.rn,  Herliicli  sji. ; Geyeroccru.%  nov.  Type  G.  (FlnjU.)  culrndricuiii,  Geyer 
sp.  ; Traijoplnjlloccrax,  gen.  nov.  Type  1\  {Fhijl.j  heierophylltisi- luanismalix,  (>)nenst. 
s]i.  ; Mcneijlnnice}-((.%  gen.  nov.  Type  M.  {Flujl.)  luriense,  yienegli.  sj).  Trias  to 
Cretaceous. 

SulD-Order  H.  LEPTOCAMPYLI.  Hyatt. 


Shells  v:ifh  pecxdiar,  more  or  less  creiiiilated  ornamentation,  due  to  the  intersection  of 
tu'o  systems  of  lines,  transverse  hands  of  growth,  and  longitudinal  creases  and  ridges, 
sometimes  developing  into  S2jines.  Aspect  more  discoidal  and  larval,  and  with  fewer 
highly  involute  forms  than  iii  other  suh-orders.  Shell  often  constricted  as  in  Fhyllo- 
cainpyli.  Characterised  in  some  families  hy  the  small  number  of  completely  dcvelojyed 
lobes  and  saddles.  Outlines  of  sutures  extremely  complex,  and  saddles  generally  much 
reduced  oiving  to  excessive  developrnent  of  the  lobes. 


The  antisi])lional  lohe  lias  in  most  families  a cruciform  aspect,  due  to  tlie  develop- 
ment of  a large  jiair  of  hranching  marginal  lobes.  In  the  Lytoceratidae  there  is  also 
an  inward  growth  of  the  two  marginals  near  the  ti]>s,  so  that  they  rest  uiion  the  oral 
surfaces  of  tlie  septa  instead  of  against  the  inner  surface  of  the  dorsum  ; these  modi- 
fications being  peculiar  to  this  sub  - order.  The  i)rincipal  inllections  are  more 
numerous  in  the  young,  and  reduction  takes  place  in  later  stages  through  arrested 
development  and  suiipression  of  those  nearest  the  lines  of  involution.  Wiihner’s 
thorough  researches  have  shown  the  close  atiinities  of  Fleuracanthites  with  Fsiloceras 
and  Caloceras,  which  lie  at  the  ancestral  base  of  this  .sub-order.  This  accounts  for  the 
similarities  lietween  the  young  of  this  group  and  Fhylloceratidae,  a.s  demonstrated  by 
.1.  P.  Smith.  A number  of  2ihylogerontic  uncoiled  genera  occur  in  the  Cretaceous. 

Family  1.  Pleuracanthitidae.  Discoidal,  jilieated,  oi-  costated  shells,  having 
crescentic  tubercles  or  hollow  s})ines  in  some  s^iecies  ; venter  rounded  excejit  in  extreme 
age  of  a few  s2)ecies,  in  which  a faint  keel  ajipear.s.  Ajierture  has  a short  rostrum 

with  deej)  ventro- lateral 
or  lateral  sinuses,  and 
lateral  or  dorso  - lateral 
crest.s. 

JHeu raca  n tit  ites,  Cana- 
vari  ; Analytoceras,  gen. 
nov.  Tyi)e  A.  (Lyt.) 
articulatum,  Wiihner  .sp. 
Lias. 

Family  2.  Tetra- 
gonitidae.  Smooth, 
discoidal,  and  involute 
shells,  with  flattened  or 
rounded  venter,  and  more 
or  less  flattened  sides. 
Constrictions  and  s2)ines 
sometimesiiresent.  Sutures 
sometimes  reduced  to  four 
jiaired  saddles  and  three 
lobes  on  the  doisum,  or 

Ihijiloeerns  di mill II III,  sp.  Tithoniaii ; .Stniiiibcrg,  ^loravia.  there  maj  be  only  tUO 

l),airs,  or  a single  jiair  of 

large  saddles.  Sijihonal  lobes  dee^ier  and  broader  than  in  Lytoceratidae,  the  sijdional 
saddles  larger,  and  laterals  more  numerous,  coinjirising  sometimes  as  many  a.s  nine  jiairs  ot 
comjilex  zygous  lobes  and  saddle.s.  Antisiiihonal  lolie  straight,  comjdex,  trifid,  or  bifid. 
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Tetragonites,  PseudophijlUtes,  Kossmat ; 
gen.  nov.  Type  P.  {Amm.)  quadri- 
sulcatiis,  d’Oi'b.  sp.  Cretaceous. 

Family  3.  Haploceratidae. 

Zittel.  Mostly  involute  sliells, 
smooth,  or  with  constrictions  and 
fold-like  costae  without  tubercles 
tliat  commonly  follow  the  lines  of 
growth  across  the  rounded  venter 
uninterruptedly.  Spines  some- 
times present  as  in  preceding 
family.  Sutures  have  blunt 
.siplional  .saddles,  never  pointed. 

First  lateral  lobes  shallower  than 
in  Lytoceratidae,  the  first  lateral 
saddles  broader,  and  less  deeply 
cut  by  marginals.  Antisi])honal 
lobe  long,  sti-aight,  and  trifid. 

Lateral  zygous  inflections  more 
numerous,  and  there  are  often 
three  or  more  zygous  dorsal 
saddles. 

Haploceras,  Zittel  (Lissoceras, 

®3yle),  (Fig.  1175).  Jura  and 
Cretaceous.  Eurynoticems,  Cana- 
vari.  Jura.  Desmoceras,  Zittel 
(Figs.  1 1 76,  1 1 77);  Puzosia, 

Bayle ; Cleonoceras,  Paroni  and 
Bon.  ; Scliluetena,  Hauericeras,  Grossouvre. 


Gaudrijceras,  Grossouvre  ; ProtetragonitCf 


Fig.  1176. 

Desmoceras  Mcti/oriaiutm,  il'Orb.  sp. 
(after  d'Orbigny). 


Cretaceous. 


Gault ; Perte  du  Rhuiie 


-L  (X  111  1 1 > 


Fig.  1177. 

Suture-line  of  Desmoceras  latklorsatum,  Mich 
dll  Rhone. 


Gault ; Perte 


Fig.  117S. 

Cren iceras  liengi/eri, 
Oppel.  sp.  0-\fordian  ; 
Salins,  .Jura. 


Glochicera- 
tidae.  Discoidal 
and  involute 
shells,  smooth  in 
p r i m i t i V e 
siiecies,  Imt  ac- 
r|uiriug  highly 
inflected  costa- 
tions, sometimes 
t\’ith  two  rows  of 

tubercles  on  the  sides,  and  a median  ventral  row  that  may  fuse  into  a continuous 
solid  li.eel.  One  line  of  ventral  tubercles  may  also  arise 
directly  from  folds  that  apjiear  in  otherwise  unornamented 
shells.  Ajierture  sometimes  with  long  lateral  lappets  similar 
to  those  of  Oqjpehdae.  Sutures  similar  to  Haploceratidae. 

Oadomoceras,  Grcniceras,  Mun.-Chalni.  (Fig.  1178);  Cyrto- 
siceras,  gen.  nov.  (Fig.  1179).  Type  C.  (Amm.)  macro- 
telus,  Oppel  sp.  ; Glochiceras,  gen.  nov.  (Fig.  1106).  Type  G. 

(Amm.)  nimbcdum,  O^ip.  sp. ; Pldydiceras  (Lophoccras,  Bonar.), 

Ochetoceras,  Hang  (Fig.  1180);  Cymaceras,  Querist.  (Hyatt). 

Type  C.  (Amm.)  Guemheli,  0pp.  sp.  Strigoceras,  Quenst.  (Buck- 
man) ; StreUites,  gen.  nov.  (Fig.  1181).  Type  S.  (Amm.) 
pictus-costatus,  Quenst.  sp.  Middle  and  Upper  Jura. 
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laiiiily  5.  Distichioceratidae.  Sutures  siinjilei'  than  in  Glochicrratnlae,  owing 


I'lr..  IISO. 


Flo.  IISI. 


JhxiLonv ni , v.  lJucli  sp.  I’pjter 
Jura  (,3);  Laufeii,  WiirtPinbo!'^'. 


Strchlitcs  tnudlohatHiiy  Oppel  sp.  Upper 
Jura  ; Papptuilieim,  Bavaria. 


Vio.  1182. 

Porhiidisru.^i  Mantell  sp. 


to  aiTe.sted  (levelojmirnt.  Young  of  llixtichioceraa 
re2K*at  the  characteri.'itic  form  and  costae  of  tlie  latter, 
witli  siuootli  venter  and  lateral  tuhercles,  and  then 
acquire  the  features  of  Iforiocems  hefore  the  median 
continuous  keel  of  Ih'sticln'ocems  arises. 

Includes  Iforiofrras  and  J lisfirliinccra/!,  Munier- 
Chalnias.  .lura. 

Family  (i.  Silesitidae.  Similar  to  Uujiloemi- 
tidae,  hut  co.stae  more  strongly  develo])ed,  and  some- 
times spinous. 

Sili’sif(‘s,  J fiilroditicHf:,  Uhlig ; l'ach)jdiscHS,  Zittel 
(Figs.  1 182,  1183);  I'ariqvicliiidiscus,  nov.  Type 
/'.  {.Iriiin.)  i/ollet:illi'iisi.%  d’Orh.  sp.  ; rs<uuh)hnpIoreras, 


Lower  C'lialk  ; Englaiiil. 


Fio.  1183. 

I’arhyilimis  WittelciruH,  .Scliliiter  sp- 
Upper  Cretaceous  ; Ilalileiii,  West- 
plialia.  i/;j. 


gen.  nov.  Tyjie  P.  (Ifnpl.)  liptoviensfi,  Uhlig  sji.  ; Gahhioceras,  gen.  nov.  Type  G. 
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{Amm.)  Batesi,  Gabb  sp.  (Palaeont.  California,  II. , Pis.  20,  21  ; non  A.  Bafesi,  L,  P]. 
13);  Pleuropachydiscus,  gen.  nov.  Type  P.  (Amm.)  Hoffmani,  Gabb  sp.  Cretaceous. 


Fig.  11S4. 

ilacroscaphites  Ivanii.  d’Orb.  sp. 
Upper  Neoeoniiaii ; Malleuewitz, 
Carpatliia. 


Fio.  11S5. 

Ftychocems  Pu:o- 
sianuvi,  d’Urb.  sp. 
Barremian  ; Vergons, 
Basses  Alpes. 


Fig.  1186. 

A , Baculites anceps,  Lain.  B,  B.  Faujusi, 
Lam.  Upper  Cretaceous  ; Maestriclit. 


Fig.  1187. 


Suture-line  of  D iplomoeems  ctjli  ml  race  um, 
Defr.  Uppermost  Cretaceous  ; Tresx’ille, 
Manche. 


Family  7.  Macroscaphitidae.  Symmetrical,  closely 
, coiled,  cliscoiclal  ammoniticones  during  young  stages  (and  per- 
j sistently  so  in  primitive  forms),  but  becoming  uncoiled  in 
j gerontic  stages  or  earlier  in  the  ontogeny  of  pbylogerontic  forms, 

' and  finally  straight  in  some  genera.  Antisiphonal  lobe  short, 
and  in  some  genera  trifid.  Shells  have  constrictions  and  large 
costae  at  intervals,  lint  no  tubercles  at  any  stage. 

Macroscaphites,  Meek  (Fig.  1184);  Leptoceras,  Costiclisciis, 
Uhlig ; Tropaemi,  Sotvb.  ; Ptijchoceras,  d’Orb.  (Fig,  1185); 
Diptychoceras,  Gabb  ; Cyrtochilus,  ileek  (Scipionoceras,  Hyatt) ; 
Baculites,  Lam.  (Fig.  1186);  Diplomoceras,  gen.  nov.  (Fig. 
1187).  Type  D.  (Ham.)  cylindraceum,  d’Orb.  sp. ; Anahamu- 
lina,  gen.  nov.  (Fig.  1188,  A).  Type  A.  (Ham.)  subcylindrica, 
d’Orb.  sp.  Cretaceous. 

Family  8.  Scaphitidae.  ^leek.  Two  or  moie  rows  of 
tubercles  developed  in  the  ephebic  or  gerontic  stage ; costae 
continuous  across  the  venter  ; aperture  evenly  constricted  on 
the  sides  and  with  a slight,  broad  rostrum  on  the  venter, 
caused  by  recession  of  the  lateral  curves.  There  is  a dorsal 
lappet,  but  this  is  long  and  bent  only  in  Jahnnites.  The 
young  and  sometimes  ephebic  stages  of  Scaphites  possess  the 
costae,  form,  and  general  aspect  of  Pachydiscus,  and  there  are 
species  transitional  between  them. 


Fig.  1188. 

A,  Anahamnlina  S2ihcylin- 
(h'ica,  d’Orb.  sp.  7>,  Sutiu’e- 
line  of  J.  Lorioli,  Uhlig  sp. 
Neocomian ; Angles,  Basses- 
Alpes  (after  Uhlig). 
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P'lc..  1101. 

I.illni'eras  JiiiihrUtliiut,  Sowb. 
sp.  Jliilclli' Lias;  Wiirtt'iiibeiv'. 
Cro.ss-section  (cf.  Fig.  lOO!')- 


Sciiphtfes,  Park.  (Figs.  1189,  1190);  J){scosraphHes,  Mrt-k  ; Anascojjhites,  gi-ii.  iiov. 

Tvjie  A.  (Scaph.)  reulricosus,  :Mcek  s]>. ; Jahnnites, 
gt'ii.  iiov.  'I'yjie  J.  (Scaph.)  Geiniizi,  var.  hiiwdosiis,* 
.lalin.  s]).  Civtaci-ous. 

Family  9.  Lytoceratidae.  Xeumayr  (^inr/s). 


Fk;.  llS'.i. 

xpiniijcr,  Si'iiiutcr.  Uiipfr  C'lcta- 
fi’oiis  (Si'iionian) ; Coesl'clil,  \\>stiiliaiia.; 


Fa:.  ll'.'O. 

Sivphlte^  tieiiniflh,  S()wb. 
I ' e n (j  m a n i a ii ; li  u u a ii, 
France,  i.'i. 


Iiifhulc.s  only  closely  coiled,  di.scoidal,  and  involute  .-^liells  with  .somewhat  jironiinent, 
often  creniilated  tran.-^verse  hands  ol'giowth.  Anti.siphonal  lohe  with  two  long  internai ' 

hianche.s  bending  inwards  and  attached  i 
to  snrtaces  ol  the  .sejitii.  Siphonal  lolie  ' 
short  like  that  ol  J'Jnjlloccrus,  and  ’ 
si]dional  .saddle.s  narrow.  The  first  , 
lateral  saddles  small  and  .short,  the  first  (I 
lateral  lobes  much  longer  than  the  ll 
ventral.  Ifeduction  of  lobe.s  along  the 
line  ol  involution  is  such  that  there  are 
commonly  only  .si.\  to  eight  in  full-  : 
gi'own  shell.s. 

L III oreras,  Sues.s.  (Tlnjunnoceras, 


Vu..  1K»2. 

I.itfOixro-.  Li€higi,(}\>pe]  s]K  Tithoniaii  ; Straiiib^-r-, 
>ior.ivi;i. 


I'li;.  ii'i3. 

.Uocnliitoccras  Cniiutinei,  d'Orb. 
•s]).  Ujjijcr  Jyias ; I’inperdn,  near 
■Salins,  .Jura. 


ll\att),  (1  igs.  If!)!,  1192).  Jura  and  f’retaceous.  Alocfjhjtoceras,  gen. 
11. <3).  1,'pe  A.  (Alum.)  Germamci,  d Orb.  .sp.  ; Pleurohjloceras,  gen.  nov. 

(Amm.)  hirctnirm,  Schloth.  s]).  Jui'a. 


nov.  (Fig. 
Type  F. 
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i Incerta  sedis.  Ectocentrites,  Waliner.  Venter  crossed  by  costae  that  become 
Micave  or  flatteneci,  and  bordered  by  ti\'o  rows  of  tuliercles  in  the  young ; in  later 
ages  the  venter  is  rounded  and  crossed  by  costae  without  tul.iercles.  Sutures  similar 

ii  those  of  this  suli-order.  Antisiphonal  lobe  straight,  bifid  ; the  first  pair  of  dorsal 
ddles  are  so  large  tliat  the  extremities  are  external  to  lines  of  involution. 

Suh-Order  I.  PACHYCAMPYLI.  Hyatt. 

Shells  attaining  the  acme  of  complexity  in  evolution  of  costae  ornamented  with  spines, 
id  often  combined  in  the  same  forms  icith  heeled  and  channeled  venters.  Sutures,  hov:- 
]er,  are  not  correspondingly  developed,  and  as  regards  both  number  and  outlines  of  their 
\bes  and  saddles  are  less  complex  than  in  Plnjllocampyli.  Lobes  and  saddles  as  a rule 

Iorter,  broader,  and  less  arborescent  than  in  either  Leptocampyli  or  Phyllocampyli. 
laracteristic  type  of  sutural  outline  Arietean’^  or  unequal.  First  pair  of  lateral 
ddles  generally  broad,  solid-bodied,  and  bifid ; first  pair  of  lobes  adjoining  these  usually 
\uch  longer  and  larger  than  any  others.^  Second  pair  of  lobes  and  saddles  do  not 
•velop  in  similar  proportions  to  the  first  pair,  and  consequently  often  O-ppear  to  belong  to 
\e  later  developed  auxiliaries.  Ventral  lobe  usually  deep,  and  has  a trifixl  or  bifid 
yhonal  saddle,  which  is  usually  digitated  throughout,  and  never  has  the  elongated, 
iangular,  and  often  smooth  outline  of  that  in  preceding  sub-orders. 

; The  ventral  lobe  becomes  stouter  and  broader  in  proportion,  and  simpler  in  outline  as  a 
le  in  normal  Cretaceous  forms,  and  these  generally  have  less  complex  sutures  than  .Jurassic 
ells.  Finally,  in  the  phylogerontic  Tissotidae,  Placcnticeratidae,  etc.,  the  ventral  lobe 
comes  much  broader  and  shorter,  and  the  siphonal  saddle  is  proportionally  affected.  The 
irsal  series  of  inflections  are  almost  as  limited  in  the  primitive  Lower  Liassic  forms  as  in 
'■ptoeampyli,  consisting  only  of  one  very  long  antisiphonal  lobe,  a pair  of  long  first  lateral 
ddles,  and  a pair  of  zygous  lobes  often  incomplete  on  the  outer  sides.  "Where  the  dorsum  is 
oader  and  more  involute,  however,  there  may  be  two,  three,  or  more  pairs  of  zygous  dorsal 
ddles  and  an  equal  number  of  lobes.  These  are  almost  invariably  complex  in  outline,  and 
e antisiphonal  may  be  bifid  or  trifid. 

Phylogerontic  forms  occur  sporadically  in  the  Jura  and  generally  throughout  the  Creta- 
ous.  They  are  of  two  kinds:  (1)  Those  that  are  retrogressive  as  compared  with  their 
oestors  in  complexity  of  sutures  011I3'.  Sometimes,  as  in  Spheniseidcte  and  Engonoceratidac , 
ey  are  highlj'  involute  shells  ; or,  as  in  Tissotia,  etc.,  they  maj'  be  more  discoidal  and 
'dose.  (2)  Those  that  are  retrogressive  as  regards  both  form  and  sutures,  like  Sqnroccratidac, 
j noceratidae,  etc.  In  these  the  form  becomes  uncoiled,  following  out  the  tendencies  indicated 
I ! the  gerontic  stage  of  progressive  forms.  Their  sutures  are  reduced  to  the  primitive  formula 
’ six,  i.e.  two  pairs  of  zj'gous  lateral  saddles  and  two  pairs  of  lobes,  A\-ith  a ventral  and  an 
( tisiphonal ; but  the  outlines  generally  remain  complex  even  in  extremelj^  modified  forms 
■ th,  however,  some  notable  exceptions  like  BacuUna  acuarms,  Quenst.  sp. 

I.  PSILOCEBATIDA. 

■ Includes  only  one  family,  comprising  radicals  of  the  .lurassic  Ammonoids  of  this 
I b-orcler. !.' 

I Family  1.  Psiloceratidae.  Smooth  or  sometimes  plicated  shells  with  keelless 
I nters.  Lateral  and  dorsal  inflections  inclined  apicad  as  a rule,  but  vaiyv  consideraldy. 
I ze  of  saddles  reduced  along  lines  of  involution,  but  there  are  generallv  tliree  pairs  of 
t 'fsal  saddles.  Ventral  lobe  shorter  than  in  Leptocampyli,  and  siphonal  saddles  larger, 
I in  Arieticlae.  Aperture  with  a short  rostrum  and  lateral  sinuses  resembling  those  of 
rietidae,  but  rostra  less  acute  than  in  keeled  forms. 

Psiloceras  has  the  foi’m  and  shell  characters  of  Monopliyllitidae,  and  in  subsequent  stages 

^ The  Lenticeratklae  and  Placeniiceratulae  furnish  the  principal  exceptions,  since  they  have  the 
iinitive  first  lateral  saddles  beginning  to  split  at  an  early  stage  into  what  afterwards  develop  into 
ree  pairs  of  practically  independent  lobes  and  saddles,  whereas  the  primitive  first  lateral  saddles 
iially  persist  as  bifid  or  trifid  saddles  throughout  life  in  other  forms  of  this  sub-order. 
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the  sutures  acquire  phylliform  marginals  like  those  of  Phylloearapyli ; but  this  is  not  in- 
,,  variably  the  case,  and  characters  of  the  dorsal  and 

L A . lateral  sutures  as  well  as  of  the  shell  vary  in  different 

W V directions.  In  one  direction  they  join  with  Caloccras 

^ at  the  base  of  the  present  sub-order  ; in  another  they 

unite  with  Angulatida,  as  recognised  by  most  observers; 
and  in  a third  they  show  affinities  with  Ayassiccras. 


Psiloceras,  Hyatt  (Fig.  1194);  ParaiJsiloceras, 
gen.  nov.  Type  P.  {Psil.)  calliphyllum , var.  poly- 
cyclurn,  AValnier.  Lower  Lias. 


II.  Angulatida. 


Fio.  not. 


sp. 


I’siloceras  jilanorhis,  Sowb. 

Lias ; Bebenhauseii,  Wiirtemberj 
ptychu.s  ill  living  cbaniber. 


Infra- 

Aiia- 


Prirmtive  discoidal  shells  indicate  probable  union 
with  Psiloceras,  but  tend  to  evolve  forms  in  which  the 
venter  ts  smooth,  channeled,  or  crossed  by  costae  at 
some  stage  of  growth  even  when  heeled.  Lateral 
sutures  more  complex  than  in  Arietida,  and  apt  to  be 
rnclinedj  apicad  in  specialised  shells;  dorsal  sutures 
like  those  of  Arietida. 

Family  2.  Angulatidae.  More  or  less  com 
pressed  and  costated  shells,  the  costae  sometimes 
crossing  tlie  venter  in  the  young  or  extreme  age,  hut  usually  interrupted  in  the  adult 
by  a smooth  and  occasionally  sunken  median  zone.  Sutures  inclined  apicad  near 
lines  of  involution,  more  complex  in  outline 
tlian  in  typical  Arietidae,  and  with  pliylliform 
marginals  more  like  those  of  Psiloceras. 

Ventral  lobe  broader  and  shoi'ter,  witlr  larger 
siidioual  saddles  than  Arietidae,  and  aiiti- 
siphonal  lobe  bifid,  longer,  and  more  complex. 

First  pair  of  dorsal  saddles  large  and  long, 
other  dorsal  inflections  variable, 
more  numerous  than  in  Arietidae. 

Schlotheiinia,  Bay le  (Fig.  1195);  JVachnero- 
ceras,  Hyatt.  Lower  Lias. 

Family  3.  Polymorphidae.  Hang. 

Shells  compressed  discoidal,  with  smooth  young 
like  those  of  Psiloceras.  Costae  apt  to  be  iu- 


but  generally 


dined  or  slightly  sigmoidal,  and  continuous 


Fui.  1195. 


flchlotheimiu  angulala,  Sehlotli.  .sp.  Lower  Lias  ; 
Guppiiigen,  Wiirtemberg. 


across  the  venter.  This  is  crenulated  in  primi- 
tive forins,  luit  becomes  smooth,  channeled,  or 
keeled  in  specialised  shells.  The  latter  have 

sutures  similar  to  those  of  Angulatidae  and  Liparoceratidae,  but  less  comjdex.  Connects 
with  Psiloceras  through  Gemmelaroceras. 

Polymorphites,  Sutner  ; Amphiceras,  Gemm.  ; Uptonia,  Tmetoceras,  Buckm. 
Gcinmellaroceras,  gen.  nov.  Tyjie  G.  (Aegoc.)  aenigmatum,  Gemm.  sp.  Lias  and 
Inferior  Oolite. 


III.  Arietida. 

Primitive,  discoidal  forms  keeled  and  often  channeled,  with  sides  costated  as  in  Coro- 
niceras,  etc.  pjiernal  sutures  limited,  as  a rule,  and  auxiliaries  rise  orad  toivard  lines 
of  involution,  but  may  be  considerably  extended.,  and  number  of  inflections  increased  in 
highly  involute  shells.  Dorsal  sutures  still  more  limited,  and  never  have  the  monophylUc 
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outline  common  in  Psiloceras.  Keel  solid  except  in  the  highly  accelerated  (jenus  Oxynoti- 
ceras,  xvhere  it  is  holloto. 

There  are  two  types  of  young  in  Arictida,  wliich  aftenvards  become  separated  in  otlier 
related  groups  : a broad  depressed  or  coronate 
type  occurs  in  typical  Arietidac  and  some 
others,  and  the  compressed  Psiloceran  type  in 
Arnioceras,  etc.  Pseudotropitidae  show'  that 
Coeloceras  ma,y  have  originated  from  Arietidac 
through  persistent  development  of  a trape- 
zoidal form  of  young  with  correlative  changes. 

Family  4.  Arietidae.  Volutions  of 
discoidal  forms  more  quadrate  than  in  jire- 
ceding  families,  and  often  with  channeled 
venter.  Costae  more  strongly  developed  as 
a rule,  and  with  prominent  ventro-lateral 
angles,  which  are  sometimes  tuherculated. 

Sutural  inflections  reduced  in  number  and 
complexity  as  compared  with  preceding 
families,  and  phylliform  marginals  re- 
placed by  saddles  of  more  irregular  aspect. 

Ventral  lobe  long  and  narrow',  with  corre- 
sponding siphonal  saddle.  Usually  only 
two  pairs  of  large  lateral  saddles,  the  .second  often  the  most  prominent.  First  pair  of 

lateral  lobes  large,  second  and  third 
jiairs  successively  smaller  ; thii'd  and 
fourth  pairs  of  sa'hlles  also  smaller, 
tlie  last  often  partially  on  line  of 
involution.  Antisiphonal  bifid,  A'ery 
long,  and  sometimes  complex.  One 
pair  of  large  dorsal  saddles,  and  one 
of  .short,  often  incompilete  lobes. 
Anaptychus  observed  in  several 
species. 

Goroniceras  {Arietes,  "Waagen), 
(Figs.  1196,  1197),  Vermiceras,  Arnioceras,  Asteroceras,  Tmaegoceras,  Galoceras,  Hyatt 
{Ophioceras,  Hyatt  ; Alsatites,  Hang)  ; 

Echioceras,  Bayle.  Low'er  Lias. 

Family  5.  Oxynotidae.  Shells 
compressed  and  more  involute  than  in 
Arietidae,  with  narrower  and  more  acute 
keeled  venter,  but  no  ventral  channels. 

Sutures  Arietean  in  Agassiceras,  but  have 
extended  and  highly  modified  auxiliary 
inflections  in  Oxynoticeras.  Keel  hollow' 
in  adult  of  some  sjiecies  of  the  latter 
genus,  and  in  a transitional  condition  in 
Aetomoceras. 

Oxynoticeras  (Fig.  1198),  Agassiceras, 

Hyatt ; Cymhites,  Neum.  ; (?)  Faroniceras, 

Bon.  ; Aetomoceras,  gen.  nov.  Type  A. 

{Amm)  scipionianum,  d’Orli.  sp.  Lower 
Lias. 

Family  6.  Hildoceratidae.  Dis- 
coidal  involute  shells  have  sigmoidal  costae  separated  throughout  or  confluent  on  the 


Fic.  Hits. 

OxynoUceras  oxi/notum,  Quenst.  sp.  Lower  l.ias  (jS); 
W'  urtemberg. 


LSI 


X.S2  n IS 


L I 

Fig.  1197. 

Sutme-line  ot  Coroiiicerasbisulcaf  Kill,  Brug.  sp.  (cf.  Fig.  1097). 


Fig.  1190. 

Coronicews  hirulcatum,  Brug.  sp.  Lower  Lias;  Cute 
il'Or  (after  d'Orbiguy). 
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median  lateral  line,  and  sometimes  Gifiircated  externally.  Nodes  never  present, 
althongli^  prominent  crescentic  ridges  may  arise  on  tlie  ,‘<ides  through  confluence  of 
costae.  The  latter  are  straight  in  primitive  CatuUoceras,  wliich  resembles  Caloceras 


Flc.  ll'ifi. 

Uihloccms  hifronx,  Bruy.  Upper  Lia.s ; Wliitby, 

Yorkshire. 


Fid.  1200. 

Lioceri's  opuUnum,  Heiu.  sp.  Lower 
Dogger;  Teufelslocli,  near  Boll,  Wurtein- 
berg. 


in  aspect.  Discoidal  forms  often  both  keeled  and 
.sometimes  have  liroad  furrows  on  the  sides. 


Fio.  1201. 

Dnniorticriii,  sp.  Upper  Lia.s;  lleiiiingen,  Wiirtem- 
borg. 


channeled  on  tlie  venter,  and 
Siiecialised  involute  shells  have  solid 
keels,  but  usually  no  channels,  and  lateral 
zones  often  become  smooth.  Sutures  com- 
paratively siinjde,  and  in  discoidal  forms 
siniilai'  to  those  of  Ar7iincera.%  but  more 
comjilex  in  highly  involute  forms. 

Ihldoccras  (Fig.  1199),  Lioceras  (Fig. 
IdOO),  Grammoceras,  Hyatt;  CatuUoceras, 
(Jemm.  ; Dumorfieria,  Hang  (Fig.  1201)  ; 
Arieticeras,  Seg.  ; Hij-perlioceras,  Giutpho- 
ceras,  lirasiliu,  iJarellra,  Buckin.  U])per 
Lias  and  Inferior  Oolite. 

Family  7.  Poecilomorphidae. 
Costae  in  some  species  remain  nodose  on 
umbilical  shoulders  until  a late  stage,  and 
bitureate  externally  as  in  0]}pelidae,  lint 
subseipiently  may  become  separated  into 
single  sigmoidal  ridges  like  those  of  Hildo- 


ceratidae.  ioung  similar  to  those  of  the 


latter  family,  and  sutures  also  in  discoidal 
lorms,  but  become  more  complex  in  involute  .shells. 


Poenlomorphus,  Huddlestonta,  Brodieia,  Goswogijria,  IVelschia,  Buckman;  Ludwiyia, 
Bayle.  Inferior  Oolite. 

lamily  8.  Oppelidae.  (Oppelinae,  Hang.)  Discoidal  and  highly  involute  shells 
with  sutures,  form,  and  markings  in  primitive  species  that  show  attinity  with  Hildo- 
ceran  stock,  and  apparent  derivation  from  Poecilomoiplius  through  typical  Oecotraustes. 
Costae  highly  flexed  and  sometimes  fused,  but  no  well-marked  lateral  channels  as  in 
hollow-keeled  groujjs.  Venter  often  truncated  and  .sides  flattened,  except  in  primitive 
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species.  Keel  may  become  very  prominent  and  filled  vdtli  special  shell-layers,  ljut 
never  hollow.  Young  generally  smooth,  compressed,  and  similar  to  those  of  Hildo- 
ceratidae. 

Oecotraustes,  Oppclia  (Fig.  1100),  Waagen ; Hecticoccras  (Lunuloceras),  Bonar. 
Middle  Jura. 


IV.  Phymatoida. 


Similar  to  Arietida  in  that  each  family  includes  some  discoidal  radical  forms  having 
heels  and  channels.  Volutions  generally  stouter,  costae  coarser  and  larger,  and  also  more 
apt  to  become  bifurcated,  and  to  develop  nodes.  Young  generally  piass  through  a nodose 
coronate  stage.  Keel  hollov:  in  the  adult,  but  solid  in  the  young,  extreme  age,  and  in  primi- 
tive forms.  Connection  icith  Oxynoticeras  improbable,  since  the  hollov:  heel  appears  to 
have  arisen  independently. 

Family  9.  Amaltlieidae.  Buckman,  2>.p.  Discoidal  and  involute  shells,  the 
young  of  which  have  fold-like  costae  rising  into  heavy  nodes  just  inside  the  lines  of 
in\’olution.  Costae  become  prominent  and  sharp 
at  umbilical  shoulders  and  ventro-lateral  angles, 
and  true  tubercles  appear  in  some  Zurcherinae. 

Venter  keeled  and  sulcated  in  discoidal  forms, 
the  keels  alone  persisting  in  more  involute 
species.  Keel  solid  and  crenulated  by  passage 
of  costae  or  folds  across  the  venter.  Anajitychus 
present. 

A.  Aiialtheixae.  Xodes  prominent  in 

young  of  iirimitive  species ; costae  with  only 
one  row  of  tubercles  in  later  stages  or  none  : 
keel  invariably  present  and  crenulated.  Amal- 
theus,  Month  (Fig.  1202)  ; Paltopleuroceras, 

Buckm.  {Pleuroceras,  Hyatt).  Middle  Lias. 

B.  Zurcherinae.  Young  usually  have 

gibbous  volutions  with  a single  row  of  nodes, 
which  either  persist,  or  are  followed  by  a bi- 
spinous  stage,  and  inner  ends  of  the  short  costae 
also  become  tuberculated.  Venter  smooth  at 
first,  and  may  remain  so  or  have  a solid  keel. 

Costae  single,  and  usually  l>end  at  ventro-lateral 
angles  toward  the  keel,  but  do  not  cross  the 
venter  except  in  late  stage  of  Pseiulotropites. 

Zurcheria,  Haplopleuroceras,  Dorsetensia,  Buckm.  ; Pseudotropites,  Canav. 
g.  nov.  Type  C.  (Ariel.)  discretum,  Canav.  sp.  Lias  to  Inferior  Oolite. 

Family  10.  Phymatoidae.  Discoidal  forms  with  single  or  Irifurcated  costae, 
keeled  and  often  channeled  venters.  Young  similar  to  those  of  Hildoceratidae  and 
Poecilornorphidae  in  compressed  forms.  Keel  hollow. 

Phyrnatoceras,  Hamrnatoceras,  Hyatt  ; Lillia,  Bayle  ; Haugia,  Polyplectus,  Char- 
tronia,  Denchrnannia,  Buckm. 

The  type  of  Phyrnatoceras  is  Arnrn.  Tirolensis,  Dumortier,  the  so-called  P.  robustum, 
Hyatt,  having  proved  to  be  identical  with  the  young  of  that  species.  Upper  Lias  and 
Inferior  Oolite. 

Sub-Family  Soxxinix.\e.  Buckman.  Sonninia  includes  discoidal  forms  with 
keeled  lait  not  channeled  venter,  and  sides  with  coarse  bifurcated  costae  diverging  from 
a row  of  rrodes  alorrg  the  nredian  line  of  the  romrded  sides,  and  coirtinued  internally 
by  single  costae.  IVitchellia  has  nodes  only  in  the  yourrg,  and  costae  beconre  single  or 
VOL.  I 2 P 


Fig.  ISOI. 

AnioUlnhus  ntifraaritatus,  Moiitf. 

Lias;  W'iirtemberg.  Living  diamber  broken 
away  and  exposing  ‘‘wrinkled  layer'’  on 
ventral  surface.  This  is  homologous  with  the 
“black  layer”  of  Xautilus. 


Canavarites, 
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only  slightly  confluent.  S^onninia  {JVaagenia,  Bayle),  (Fig.  1203);  IJ'itchellia,  Buck- 
j nuan.  Interior  Oolite. 


V.  Lii’.vroceratida. 


Jjiscoidal  radical  forms  have  more  or 
less  sidjquadrate  volutions  with  course, 
fold-Uhe,  single,  or  bifurcated  costae  con- 
tinuous across  the  venter.  EAernal  and 
dorsal  sutures  limited  in  number  of  in- 
flections as  in  Arietidae,  but  develo^pment 
of  marginals  carried,  to  utmost  degree  of 
com'plexitg  in  this  sub-order.  Keel  solid 
when  present.  Two  rows  of  large  nodes 
or  spines  sometimes  developed,  on  either 
side. 


Son  nitiut  .Sou'crhij 
(after  Steiiimaiiii  and  Doderlein), 


Fig.  1 1*03. 

Millers)!.  Middle  Dojikpi’ 1 Lorraine 


Famil)'  11.  Liparoceratidae. 
Volutions  remain  rounded  in  section  and 
freiyuently  retain  a primitive  discoidal 
aspect.  Costae  almost  entirely  disajipear 
on  the  venter  of  some  forms,  hut  form 
vert’  large  continuous  folds  in  others. 
Sutures  become  excessively  comjdex, 
saddles  narrow  and  deeply  cut  Ijy  com- 
plex marginals,  and  ventral  lobe  corre- 
spoiids,  but  usually  of  about  eepial  length  with  the  lateral  lobe.«.  Antisiidional  bifid, 
and  resembles  (as  do  also  the  two 
dorsal  saddles  and  small  dorsal  lobes) 
those  of  Arietidae. 

Liparoceras,  Microderoceras,  Am- 
blycoceras  (Microceras),  Hyatt  (Fig. 

1204);  Androg  II  noccra  s,  Hyatt. 

Lower  and  Middle  Lias. 

Family  12.  Tropidoceratidae. 

Discoidal  com})res.sed  shells  tvith 
straight  costae  that  cross  the  venter 
in  some  forms  approximating  to  Am- 
blycoceras,  but  usually  this  region  is 
distinctly  elevated,  and  smooth  or 
keeled  along  the  median  zone.  Costae 
have  tivo  roivs  of  tubercles  in  several 


Fig.  1204. 

AinhUjrocurna  mprkornu^,  Schlotli.  sp. 


Middle  Lias ; 


Dorsal  sutures  like  those  of 


sjiecies,  but  may  be  smooth  in  others. 

Sutures  similar  to  those  of  Uptonia,  Gi,mnd?'w«^^^^^^ 
but  more  complex  ; lobes,  however, 
exceedingly  narrow  and  auxiliary  line  inclined  apicad. 

Amblijcoceras  bifer. 

Tropidoceras  {Harpocerus,  Waagen),  Platypleuroceras,  Hyatt ; Acanthopleuroceras, 
nom.  nov.  Tvpe  A.  (Amm.)  natrix,  Schloth.  .sp.  [The  latter  name  is  substituted  for 
Cycloceras,  Hyatt,  preoccupied  among  Nautiloids.]  Middle  Lias. 


\M.  Dactylioida. 

Young  have  volutions  with  trapezoidal  sections,  venter  broader  than  dorsum  and 
decidedly  coronate,  or  with  a line  of  nodes  along  the  ventro-lateral  angles,  and  broad 
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umbilical  hut  no  true  lateral  zona.  Some  genera  have  the  latter  condition  persutent 
throughout  life.  Costae  apt  to  be  continuous  across  the  venter  even  in  specialised  form.^ 
with  both  channels  and  keels.  Some  genera,  however,  have  costae  divided,  on  the  venter 
or  suppressed,  but  there  is  no  continuous  median  channel.  Keel  solid  when  present. 

Family  13.  Dactylioidae.  Discoidal  forms  witli  costae  bifurcated  and  alway> 
crossing  tire  venter.  Sutures  witli  very  complex  outline.s,  but  only  three  or  four  pairs 
of  lateral  lobes  and  saddles.  Dorsal  sutures  have  two  paii-s  of  saddles  and  one  pair  of 
zygotis  lobes. 


This  series  is  usually  termed  the  Planulati  of  the  Lias,  but  althougli  an  offshoot  of  the 
same  common  stock  it  is  quite  distinct  from  its  supposed  congeners  of  the  iliddle  and  Upper 
Jura.  Sutures  are  straight,  not  inclined  apicad  as  in  Perisphiactidac.  The  family  com- 
prises a complete  cycle  of  forms  varying  from  the  broad  trapezoidal,  tuberculated  volutions 
of  Coeloceras  through  Armatoid  species  to  DactyKoccras,  in  which  the  costae  are  smooth  and 
sometimes  even  single. 

Coeloceras,  Deroceras  (Fig.  1205),  Lactylioceras  (Fig.  1206),  Peronocera.<,  Hyatt  ; 
Pimelites,  Diaphorites,  Fucini : (?)  Praesphaeroceras,  Levi ; (?)  Collina^  Buckm. 

iliddle  and  Tapper  Lias. 

Family  14.  Stepheoceratidae.  Buckman.  Primitive  radicals,  higlily  coronate, 
discoidal,  giving  rise  apparently  to  involute  and  partially  compressed  forms  that  in 


Fig.  1205. 

A,  Deroceras  subarmo.tuvi,  "i'oung  sp. 
"Whitby,  Yorkshire.  B,  Suture -line  of 
Codoceras  jyeflos,  Quenst.  Middle  Lias. 


Fic.  120G. 


Bo.ctijliocero.s  commune,  Sowb.  sp.  Upper  Lias  ; 
England. 


Fig.  1207. 


Sphaeroceixis  Broiigniurfi,  Sowb.  sp.  Inferior 
Oolite ; Bayeux,  Calvados. 


Macrocephalites  and  some  others  are  without  tubercles.  Venter  alwavs  rounded, 
costae  bifurcating  on  the  sides  and  continuous  across  the  venter.  Only  one  line  of 
nodes  or  tubercles  at  the  umbilical  shoulders,  and  dimsion  of  costae  takes  place  along 
these  lines  in  most  forms.  Sutures  of  the  same  type  as  in  Dactylioidae,  but  much 
more  complex,  with  usually  more  inflections,  and  lobes  and  saddles  more  uearlv 
equal.  Dorsal  sutures  generally  have  three  pairs  of  zygous  saddles  and  two  pairs  of 
lobes  in  coronate  discoidal  forms. 
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Hkplicoceras,  Buckman  {Stcphanoceras,  Xeuiii.  ; Cudomites,  ^lun.-Chahu.) ; Hphaero- 

ceras,  ]5ayle  (Fig.  1207j  ; Emilcia,  Jkiukman ; 
Xormunnites,  Muu. -Clialiii.  (Fig.  1208);  Macro- 
cephaUfes,  Sutuer  (Fig.  1209);  Sutneriu,  Zittel 
(Fig.  1210);  Enjmnoceras,  gen.  nov.  (Fig.  1211). 
Tv])e  E.  (Amm.)  coronatum,  Brag.  .«p.  Inferior 
Oolite. 

Family  15.  Cadoceratidae.  (More  special - 
i.sed,  com])ressed,  and  involute  foians  tend  to  evolve 
shells  with  crennlated  keels,  and  sometimes  channels 
also.  Costae  of  Cadoceras  divided  as  in  Stepheo- 
cemtidae,  hnt  other  genera  irsiially  develop  two 
lines  of  tuhercles.  Young  of  Neumayria  more  or 
less  costated,  hut  .sides  and  keel  hecome  smooth,  and  in  some  species  resemhle  adult  of 
(Jnenstedlocems. 

This  family  is  remarkalile  for  the  close  parallelism  of  some  of  its  genera  with  AmaUheidae, 
liut  the  young  are  very  distinct.  Develoimieiit  and  adult  stages  of  Cadocerns  with  its  discoidal 


Fig.  muS. 


Nond" K iiilijs  Itrdilxii  ri'hjci,  Sowh.  sp.  In- 
ferior Oolite  ; Baj'eux,  Caiviiilos.  '/]. 


Fig.  1200. 

Mriijroa'jihuUtes  naurocephalus,  fSclilotli.  s]>.  Upper  Dogger  (Callovian),  Eliningen,  Wurteniberg. 


and  much  (le|iresscd  volutions  jdainly  show  derivation  from  Coeloceran  stock,  while  its  form 
and  sutures  also  show  relationship  with  Slcpheocd ralidac. 


C((docera.%  Fischer  ; Qiienstedtoccrais,  Hyatt  ; Cardio- 
ceras,  Xeum.  and  Uhlig  ; Xcumayria,  EWiitin  ; Amoeho- 
ceras,  gen.  nov.  Type  A.  (Amin.)  alternnn.%  von  Buch 
sp.  Kelloway. 

Family  IG.  Perisphinctidae.i  An  extensive 
series  of  discoidal  genera  having  rounded  or  suljquad- 
rangular  volutions,  and  costae  single  on  the  sides,  hut 
spilit  into  two,  three  or  more  on  the  venter,  which  they 
cross  nninterrujitedly.  Splitting  does  not  hegin  as  a 
rule  at  umhilical  shoulders,  hut  near  ventro  - lateral 

i SieiiiiradAi,  J.,  Monographische  Beschreibung  der  Gattung 
XLV.),  1898. 


Sut)ieriajilatiiniitu‘‘,  HHin..sp.  U])per 
.lura  (Tenuilohatus  Beds);  Baliiigen, 
Wiirtemberg. 


Peri.sphiiictes  (Palaeontogr.  Bd. 
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angles.  Inner  jiarts  of  sutures  steeply  inclined  apicad,  and  dorsal  sutni'es  liai’e  a long 


P'lG.  1211. 

Erymnoceras  coronatum,  Brug.  sp.  Callovian  ; 
Dept.  Nievre,  France.  i/:i* 


pair  of  first  dorsal  saddles,  usnally  two  additional 
jiairs  of  saddles,  and  two  pairs  of  lolies.  All  of 
these  are  so  decidedly  inclined  apicad  that  they 
often  appear  as  a single  pair  of  complex  saddles.  J 


Fig.  1212. 


Suture-line  of  I’erisphinetcs  coluhriniis, 
Rein.  .sp. 


Fig.  1213. 

Perisjiliinctes'  ■polyphcKf,  Rein.  sp. 
Upper. lura;  Pappenheiiii,  Bavaria.  i 


Tliese  genera  are  morphic  ecpiivalents  of  the  Liassic  Dnctylioidae  and  are  derived  from  the 

same  common  stock.  Young 
liave  depressed  trapezoidal  volu- 
tions and  often  minute  tubercles 
on  ventro-lateral  angles,  but  are 
otherwise  smooth,  like  the  young 
of  Cadoccras  siib/cvc.  They  be- 
come compressed  in  neanic  stage 
and  rapidly  assume  the  discoidal 
Perisphinctean  form  and  costae 
without  tubercles. 

r Crispin  net  es,  Vi"  aageii 
{Grossouvrid,  Procerites, 
Chojfatia,  Siemirail.)  (Figs. 
1212-1214)  ; Ataxioceras, 
Font.  ; Proplan  ulifes,  Teiss.  ; 
Pictonut,  Bayle ; Craspcdltes, 
Pavl.  and  Lampl.  ; Lithaco- 
ceras,  gen.  nov.  Type  L. 
(Amm.)  Ulniensis,  Ofipel  sp. 
Inferior  Oolite  and  Cretaceous. 

Family  17.  Aspido- 
ceratidae.  Zittel,  p.p. 
Earlier  volutions  costated, 
later  ones  with  one  or  two  rows  of  tubercles,  the  inner  row  being  developied  tii'st. 
Venter  broad,  never  keeled.  Sutures  resemble  those  of  JJactijlioidae,  but  saddles 
and  lobes  liroader  and  dorsal  sutures  with  only  one  large  pair  of  inner  or  first  dorsal 


Fig.  1214. 


rcrisphiiictes  Tiziani,  Oppel  sp.  Upper  .lura  (Bimammotus 
Himdsriick,  near  Streiclien,  WUrtemberg. 


Beds) ; 
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lobes,  llie  outer  or  secoiul 


])air  being  incomplete  in  tlie  more  discoidal  species  as 


Fig.  1217. 

Siniocrrm  Ko?a?w??i.se,  Opj^el  sj>. 
Lower  Titlionian  ; Monte  Catria, 
Central  Apennines. 


Fig.  1215. 

Aspuhu'cras  pironno.ttnn^  Sowb.  s]).  Oxfordian;  Dives,  Cal- 
vados. 1/2* 


in  Anctidac.  HierninubJaa  bears  resemljlaiice  in  tlie  young  or  tlirougliout  life  to 
Pcriqddacfei^. 

Asphloceras,  Zittel  (Fig.  1215);  Pelfoceras,  Waagen  (Fig.  121G);  (?)  Aurnierus, 
0])])el  ; (?)  Sirnoccras,  Zittel  (Fig.  1217);  AicmiradzMa,  gi-n.  nov.  'J’ype  S.  (Amvi.) 


Fig.  1210. 


J^dtoi'cnts  othlitii,  I’liill.  sj'.  Ujaier  Callovian  ; Vaches  noires, 
Normandy, 


Fio.  1218, 

Ph  lisndoceras  circum- 
spinosum,  ( )ppel  sp.  Upper 
.Jura  ; Swabiaii  Alps,  i/y* 


Pdkcnae,  d’Orb.  .s)i.  [Terr.  Jarass.  PI.  149,  Fig.  1 non  PI.  148].  Phijsvdoccms,  gen. 
nov.  (Fig.  1218).  Type  7'.  {Arum.)  circmnspmosinii,  Oppel  sji.  Ujiper  Jura. 
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VII.  Morphoceratida. 


Borne  families  rcsemhle  JJactylioida  and  have  similar  younfi,  the  only  constant 
distinction  being  the  presence  of  a smooth  zone  along  the  median  plane  of  the  venter. 
Other  families  very  like  Cosmoceratidae,  bat  their  coronate  young  and  sometimes  highly 
coronate  adults  appear  to  ptlace  them  in  this  series. 

Family  18.  Morphoceratidae.  Globose  and  usually  involute  forms  with 
open  umbilici  showing  young  to  be  highly  coronate  until  a late  stage.  Gostae  on  um- 
bilical zones  single  and  widely 
separated,  but  divide  into  very 
broad  bundles  of  fine,  closely- 
set  ventro-lateral  costae  differ- 
ing from  those  of  all  other 
groups  except  some  Peri- 
sphinctidac.  Only  one  line 
of  tubercles  or  nodes,  which 
usually  occur  at  umljilical 
shoulders.  External  and 
dorsal  sutures  resemlde  those 
of  Perisphinctidae,  but  not  so 
uniforndy  inclined  ajiicad. 

In  discoidal  coronate  shells 
the  lobes  and  saddles  are  of 
equal  length,  and  dorsum  has 
two  jiairs  of  zygous  lobes  and 
two  j)airs  of  saddles. 

Morphoceras,  Douv.  ; 

Oarantiana,  Siemirad.  ; Olco- 
stephanus  {Holcostephanus  auct.),  Neum 


Ikineclia  Broncoi,  Steinm. 


Fig.  1219. 

Caracoles,  Bolivia  (after  Steimnaiin). 


Parkinsonia  Parkinsotit 
Calvados. 


Fig.  1220. 

, Sowb.  sp. 


Inferior  Oolite;  Bayeux, 


coronate  young,  when  section  is  trapezoidal 
Sutures  as  in  preceding  family. 


PoJyptychites,  Simbirskites,  Astieria,  Virgatites, 
Pavl.  and  Lanipl.  Upper  Jura  and 
Cretaceous. 

Family  19.  Reineckidae. 
Discoidal  shells  with  costae  single  on 
the  lateral  zones  Imt  bifurcated  on 
their  outer  parts,  and  with  one  or 
two  lines  of  tubercles,  Ihe  first  being 
near  the  point  of 
liifurcation  of  the 
costae,  and  the 
other  near  their 
ventral  termini. 

Division  of  costae 
takes  place  along 
ventro  - lateral 
angles  and  not  on 
or  near  the  um- 
lulical  shoulders. 

Costae  cross  the 
venter  only  in  the 
as  in  Goeloccras. 


Ki(i.  12:il. 

Orenpttjfhius  refract  us. 
fie  liiuui  sp.  Callovian : 
Xiort,  France  (after 
(I’Orbigiiy). 


Reineckia  (Fig.  1219),  Parkinsonia  (Fig.  1220),  Bayle  ; Oecoptychius,  Neum.  (Fig. 
1221);  Aulacosfephanus,  Bntner  and  Pomp.;  (?)  JVaagenia.,  Keum.,  Btrenocerns,  gen. 
uov.  Type  S.  {Arnrn.)  niortense,  d’Orb.  sp.  Middle  and  Upper  Jura. 
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Family  2.0.  Spiroceratidae,  Pliylogeroiitic,  uncoilwl,  and  straight  forms, 
jirfihahly  derived  from  some  of  the  jireceding  family.  Young  are  attenuated  cones 
with  single  straight  costae,  but  have  four  rows  of  tubercles  at  an  early  stage  and  a 


concave  zone  along  the  ventei’. 
Sutures  of  Jteineckian  ty])e,  but 
reduced  to  the  ]ihylogerontic  formula 
of  six  lobes. 

Spirucera.'f,  (^tueiist.  (Fig.  1 222)  ; 
Apsorrocem.'i,  gen.  no\-.  Type  A. 
(Ham)  haciilnfiifs,  (^tuenst.  .sj).  In- 
terior Oolite.  Incertae  sedis: 
Ilanihna,  d’Orb.  Oxfordian  and 
Xeocomian. 

Family  :11.  Hoplitidae.  Dis- 
coidal  and  involute  forms  with  costae 
bifui’cated  on  the  sides  at  umbilical 


Fic.  V22-2.  Fin.  1223. 

hifuix'ifiim,  Qupiist.  s]>.  Uii|n'r  (Cal-  Iloji!ilc.<!  tiiherrnlaiii.'^,  ,Sowb.  sp. 

loviaii) ; Fliiiingen,  WUiti'iiibpr);.  .1,  Shell  witli  iirotoconcli  Gault;  Folke.stoiie,  Knglaiul. 

brokiMi  .away,  ti-  Portion  of  vptit(‘r.  C,  Sutui’o-lino.  Siphunclo  broken  away. 


shoulders ; prominent  tubercles  at  their  forks,  and  also  at  or  near  their  ventral 
termini,  these  last  being  sejiarated  by  a median  zone  or  deep  channel.  Young  of 
some  species  have  costae  continuous  acro.ss  the  venter,  and  resemble. those  of  Honnerafia. 
Parallelism /with  C'o.si/iotOYd/duc  very  clo.se.  Sutures  resemble  those  of  Mavimituhic, 
but  more  complex.  Lateral  saddles  narrower  and  more  dee]ilj'  cut,  and  first  lateral 
saddles  olten  trilid  in  late  stage.s.  Dorsal  series  with  two  ]>airs  of  complex  zygous 
lobes  and  saddles  on  either  side  of  a long,  narrow,  com])lex,  antisiphonal  lobe. 

Hophfe-:,  Xeum.  tFig.  1^23;;  Ccinmaniteti,  Hang  (iJincoccrafi,  Ko.ssmat;  ; Son- 
veratia,  Bayle  ; Anahoplitt'S,  gen.  nov.  Type  A.  (Amm)  aplmdi'.usi,  d’Orb.  s^). 
Cretaceou.s. 

YIII.  Pr,ACENTICERATTD.\. 

Young.,  smooth,  and  compressed , vilh.  fat  or  concave  renter,  which  may  suhsequently 
become  acute,  or  remain  fat  throughout  life,  or  may  even  become  heeled.  Outline  apt  to  he 
rounded  in  old  age;  sides  may  have  as  many  as  three  rows  of  tubercles,  but  in  most 
forms  are  not  highly  ornamented.  Sutures  remarkably  comidex  in  some  families,  but  in 
others  extremely  simple,  recalling  those  of  Triassic  genera.  General  tendency  is  to  extend 
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the  sutures  internally,  and  to  multiply  number  of  lobes  and  saddles  in  proportion,  both 
externally  and  on  the  dorsum.  First  lateral  saddles  apt  to  divide  in  later  stages  into 
three  distinct  saddles. 

Family  22.  Sphenodiscidae.  Sutures  sliglitly  more  complex  than  those  of 
Engonoceratidae,  and  with  phylliform  marginals ; dorsals  monophyllic.  Young 
similar  to  those  of  Engonoceratidae 
in  jirimitive  sjiecies,  and  have  con- 
cave venters  and  compressed  volu- 
tions. Venter  subacute  or  keeled 
in  the  adult,  hut  later  loses  its  keel, 
and  becomes  plano-convex  or 
rounded. 

Sjjhenodiscus,  Meek  ; Indoceras, 

Noetling ; Libycoceras,  gen.  nov. 

(Fig.  1224).  Type  L.  (Sphen.) 

Ismaeli,  Zittel.  Cretaceous. 

Family  23.  Placenticera- 
tidae.  Tuberculated  and  smooth 
forms,  the  young  of  which  pass 
tlirougli  a stage  with  smooth,  flat, 
or  concave  venters  similar  to  adult 
of  Engonoceras.  A^enter  remains 
tiat  or  compressed  until  old  age, 
when  it  becomes  rounded.  Sutures 
remarkable  for  tlieir  complex, 
irregular,  ragged  outlines,  and 
narrowness  of  saddles.  Their  outlines  in  the  young  very  similar  to  tho.se  of  Spheno- 
discidae. 

Placenticeras,  Meek  ; Diplacomoceras,  gen.  nov.  Type  T>.  {Amm.)  Indorsatus, 
Schliit.  sp.  Cretaceous. 

Family  24.  Engonoceratidae.  Compressed  shells  with  numerous  saddles  and 
concave  or  flat  venter.  Costae  nodose  in  some  species,  Imt  usually  fold-like  and 
sometimes  merely  broad,  low  lateral  swellings.  Sutures  simpler  than  in  Spheno- 
discidae, but  of  the  same  type. 

Engonoceras,  Neum.  ; Knemiceras,  Buhm  ; Neolobites,  ITscher  ; I‘ rot  engonoceras, 
gen.  nov.  Type  P.  {Amm.)  Gabbi,  Hyatt  = Amm.  piedernalis,  Gabb.  Cretaceous. 


Lihycocerns  IsmueM,  Zittel  sp.  Uppo'  Seiioiiian ; Libyan 
Desert  west  of  Oasis  Oachsel. 


IX.  Acanthocer.vtida. 

A series  of  more  or  less  uncoiled,  genera  connected  through  the  transitional  Acantlio- 
ceratidae  with  normal  Cretaceous  shells  having  costae  interrupted  on  the  venter  at  some 
stage  or  throughout  life,  although  in  most  forms  continuous  during  later  stages  of  the 
ontogeny. 

Family  25.  Acanthoceratidae.  Young  slender,  discoidal,  without  tubercles, 
and  section  rounded  until  late  in  neanic  stage.  Sutures  have  deeply-cut  outlines, 
and  owing  to  frequent  presence  of  only  six  lobes  and  saddles  simulate  those  of 
Leptocampyli,  Imt  are  not  of  the  same  type.  Ihrst  lateral  saddles  broad  and 
bifid  ; ventral  lobe  straight,  deep,  and  has  a truncated  .siphonal  saddle.  External 
characters  similar  to  some  forms  of  PLopKtidae.  Some  species  have  costae  bifur- 
cated, more  or  less  interrupted,  and  with  only  the  ventro-lateral  row  of  tubercles 
or  none. 

Acanthoceras,  Neum.  ; Thurmannia,  gen.  nov.  Tyx>e  T.  (Amm.)  Thurmanni,  Piet. 
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;uk1  Camp,  ; Liiticocems,  gen.  iiov.  (Fig.  1225).  Tyjie  L.  {Aram.)  cnj'ptoccras,  d’Orb.  sj).  ; 
(?)  Vascoceraa,  Clioll'.*  Cretaceous. 

Family  26.  Hamitidae.  A ])rovisional  group  of  uncoiled  shells  having  single 
costae  cro.ssing  the  venter  uninterruj)tedly,  and  no  tubercles  at  any  stage. 

Jfamites,  Pai’k.  ; Hemihaculites,  gen.  nov.  Ty]ie  H.  (Toxoc.)  ohliquatum,  d’Orb.  sji.  ; 
Jhrrijmorerax,  gen.  nov.  Type  D.  {Annjl^  xnaplcx,  d’Orb.  s]i.  ; Tornenfom-us,  gen.  nov. 


l-'lc;.  122.5. 

LutUoccros  Noriniin,  Sowb.  sj).  ( = JIopUks  anihhfgonii'Sf  Xoiini.). 
Xcocomiaii  ; Adiiin,  near  ]5orsum,  Prussia. 


Kid.  1220. 

T oni c u tocc ros  rot  u n (hit  ii  m , 
Sowb.  SJ).  Gault;  Koike* 
stone. 


(Fig.  1226).  Type  T.  (Hnra.)  nttauialn.%  d’Orli.  sp.  Possibly  here  also  should  be 
jilacod  llehcocerns  and  Ileterocerns,  d’Orb.  ; and  JAnclujia,  Karstens — all  asymmetrical 
.spirals,  but  in  old  age  forming  a secondary  crook  stinking  olf  from  the  spire. 
Cretaceous. 

X.  CoSMOCE  RATIDA. 

Jlujlihj  i uberculnicd  and  coat  nicd  foil  ax  liaviag  a xmuoih  !:onc  on  ilie  venter  or  costae 
exteaihafi  across  it,  tint  aever  ivitli  a tiae  of  median  reatraii  tubercles  aor  a keel  at  any 
stage.  Numerous  jdiglogcrontic  uncoiled  forms  occur  ia  the  Cretaceous. 

Family  27.  Cosmoceratidae.  Discoidal  and  involute  forms  having  at  a 
(■.(imparatively  early  .stage  or  throughout  life  two  or  three  rows  of  large  tubercles 
on  each  side,  and  costae  intei-rujited  on  the  venter  by  a smooth  median  zone  or 
channel. 

Late  stages  of  all  genera  except  C'osmoccras  and  Phricodoccxa.s  have  costae  continuous 
across  the  ilattened  venter,  and  species  of  the  latter  indicate  possible  transitions  to 
Ambhjcoceras.  All  forms  have  a Cosmoceran  stage  quite  distinct  from  the  young  of 
Morphoccratida.c. 


’ P.  trhqildt.  Receuil  d'etudes  paleoutologique.s  sur  la  famie  cretacique  du  Portugal,  Les 
Ammonces  du  Bellasien,  etc.  Lisbonne,  1898. 
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AVaagen 


(Fig.  1227);  Phricodoceras. 


Cosynoceras, 

Taylori,  d'Orb.  sp.  ; Hitjaloceras, 

(Middle  Lias  to  Oxfordian. 

Family  28.  Pedioceratidae. 
Young  resemble  Cosmoceratidae,  Imt  later 


the  large  single  or  imperfectly  bifurcated 
costae  are  apt  to  cross  the  venter.  .Some- 
times all  traces  of  tubercles  are  lost,  but 
most  forms  possess  until  a late  stage  a rov 
on  the  ventro-lateral  angles,  another  in 
juxtaposition  to  this  externally,  and  either 
two  more  or  none  inside  these  rows. 

Pedioceras,  Gerh.  ; Douvilleiceras, 

<Jross.  (Fig.  1228);  Steiieroceras,  Cossm. 
{Odontoceras,  Steuer) ; IJiadochoc-eras,  gen. 
iiov.  Type  D.  {Aram.)  nodosocostatum, 
d’Orb.  sp.  Cretaceous. 

Family  29.  Anisoceratidae.  Uncoiled  shell 


11.  nov.  Type  P.  (Amm.) 
nov.  Tyjie  »S.  (Aram.)  culloviense,  d’Orli.  .sji. 


t'o.oiioccra.i  oniatum,  Sowb.  sp.  Calloviaii  (Oruateii- 
tlioii) ; Gaininelsliausen,  Wiirtemberg. 


with  only  two  rows  of  tubercles 
on  either  side,  and  costae 
similar  to  tliose  of  preceding 
family.  The  adult  Aniso- 
ceras  has  a Helicoceran 
aspect,  develops  a long, 
eccentric  7'oa’occ)-as-likevolu- 
tion  in  the  gerontic  stage, 
and  terminates  with  a retro- 
versal  bend  or  crook. 

Anisoceras,  Piet.  ; Tono- 
ceras,  gen.  nov.  Type  1\ 


Flc.  1228. 

Duuvilleicems  mamiUarc,  Sclilotli.  sp.  Gault ; Madieromenil,  Ardennes. 

(Ancyl.)  Diivahanum,  d Ov]).  sp. ; Hiudiantoceras,  gen.  iwv. 

Type  H.  (Heteroc.)  Roisynyanung  .Scldilt.  sp.  Cretaceous. 

Family  30.  Turrilitidae.  Turiiliticones  having 
more  or  less  angulated  volutions,  with  two  rows  of 
tubercles  on  either  side  of  the  median  line  of  the  venter. 

Shells  clo.se-coiled  from  the  earliest  stage,  or  with  only  a 
slight  eccentric  deviation  in  old  age ; often  partially 
costate,  and  sometimes  with  only  three  I’ows  of  tubercles 
in  older  stages.  Aperture  much  elongated  transversely, 
and  contracted  in  extreme  age  ot  Tiimlites  by  ingrowth  Fio.  1220. 

ot  the  right  side.  Costae  continuous  across  the  venter  Tu  r r mtes  cojenatus,  d'Orb. 
or  interrupted  by  a smooth  zone,  and  either  single  or 
divided  between  the  rows  of  tubercles. 

Turrilit es,  Jj'dm.  (hig.  1229);  Osthngoceras,  gen.  nov.  Type  0.  (Tu.rr.)  Pnzosianum, 
d'Oil).  sp.  Cretaceous. 

Family  31.  Ancyloceratidae.  Includes  only  such  forms  usually  assigned  to 
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Annjloceras,  Crioceras,  etc.,  liave  three  rows  of  tuhercle.s  on  either  side  on  tlie  larger 

costae.  Between  the  latter  are  smaller  costa- 
lions  without  tuhercles.  Costae  sometimes 
interrupted  acros.s  the  venter  hy  a smooth 
zone. 

Ancyloceras  (Fig.  1230),  Hamulina,  d’Orh. 
(Type  H.  (lissimiliK,  d'Orb.) ; rictetia,  Uldig  ; 
Hclicancylus,  Gahh ; Disfolocerns,  gen.  nov. 
Type  Jj.  (Hopl)  hystrix,  Xcum.  and  Uldig 
sp.  ; Acriorei'att,  gen.  nov.  Type  A.  (Annjl.) 
I’abareUI,  Astier  sp.  Cretaceous. 

Family  32.  Crioceratidae.  Volutions 
more  or  less 
roughened  and 
costated,  with 
only  two  lines  of 
tuhercles  on  either 
side  of  the  median 
line  of  tlie  venter. 

The  latter  may 
have  a smooth 
zone  or  he  crossed 
1)}'  tlie  costae, 
which  are  eitlier 
single  or  douhlc 
lie  tween  the 
rifi.  1230.  tuhercles. 

Anr)fln{rrf'.<  Miilhcroni(imr,}i,  Xpocoiiiiiui  ; C V 'I  0 C 6 T (t  .^l, 

Castellano,  Basses  Alpes.  .1,  Condi.  «,  Snturo-  ,po^.,,^  (Crioceru- 

tifes,  Lev.) ; Oxy- 

belnreras,  gen.  nov.  Type  O.  {l‘ty.)  rmssmn,  AVhitf.  S]i. 

Cretaceous. 

Family  33.  Nostoceratidae.  Adul  t sjiirals 
asymmetrical  turriliticones,  with  more  or  le.ss  jiromineni 
costae  and  one  row  of  tuhercles  on  each  side  of  the  venter. 

Extreme  gerontic  .stage  often  retroversal,  the  return  being  i:osi r>,choccrns  poh/piocum. 

in  some  cases  comidete,  so  that  aiicrtui’e  is  brought  clo.se  sp.  Upper  Cretaceous; 

against  base  of  the  sjure.  \ oiing  of  lAn'peroccras  may 

remain  Ilaniitean  for  a jirolonged  period,  and  then  suddenly  become  Helicoceran  or 
turrilitiform. 

Xosfocuriis,  Eiiiyicrorerds,  Didymocerax,  E.i  ifeloceras,  Hyatt ; Jlostryrhuceras,  gen. 
nov.  (Fig.  1231).  Tyjie  II.  {Heteroc.) 'iKihjphicviii,  Schliit.  sp.  Cretaceous. 

XT.  AlAM.MmriA. 

SliAl.i  cloxelji  '[h'lrnUd  to  Cosmoceratida,  but  differ  in  haviny  at  some  stage  a median 
line  of  fidjcrcles  along  the  renter.  These  are  fused  in  more  sjiecialiscd  genera  into  a solid 
entire  keel. 

hdimily  34.  Mammitidae.  Dilfer  from  Pediocerafidae  in  that  the  venter  is 
rounded  and  smooth  in  the  young,  after  which  a median  ventran  row  of  tuliercles 
aiipears,  or  a keel  resulting  ti'om  their  fusion.  Sutures  have  larger  and  more  solid 
saddles  than  in  Pediocerafidae,  and  first  lateral  saddles  generally  bifid. 

Mainnutes,  Laube  and  Bruder ; Muniericeras,  Gross.;  Parroisiceras,  Gro.^s.  ; 
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Calycoccras,  gen.  nov.  Type  C.  (Amm.)  naviailui’is,  Sharp  sji.  ; Mctacaiiflioplites,  gen. 
iiov.  (Fig.  1532).  Type 
M.  {A  m m .)  rhotoma- 
gensis,  d’Orb  sp.  Cre- 
taceous. 

Family  35.  Peroni- 
ceratidae.  Similar  to 
Mammitidae  in  general 
aspect  and  ornamenta- 
tion of  adult  stage,  hut 
young  have  a distinct 
Iceel  and  a coronate  form 
with  heavy  tubercles. 

Costae  generally  dicho- 
tomous, and  venter  often 
has  channels  or  smooth 
zones  on  either  side  of 
the  keel.  Sutural  out- 
lines more  complex  than 
ill  Mammitidae. 

Peroniceras,  Gau- 

tkiericeras,  Gross.  ; Hg- 

rro,,  Mi'hirit iitliojil itc.-s  Ithotonuujcnse,  Dell',  sp.  Cenomanian:  Rouen,  France 

bniawcems,  gen.  noi.  (after  Quenstedt). 

(Kg.  1533).  Type  H. 

{Amm.)  Coupei,  Broiigt.  sp.  ; Dipuloecrus,  gen.  nov.  (Fig.  1534).  Type  I>.  (Amm.) 
cristafum,  cl’Orb.  .sp.  Cretaceous. 

Family  36.  Prionotropidae.  Young  resemble  some  forms  of  Mammitidae,  but 


have  a creiiulated  keel  at  an  early  stage,  v hich  is  persistent.  Costae  usually  finer  and 


Fig.  1233. 


Fig.  1234. 


Hystl'ichoceras  varinn-s,  Sowb.  sp.  Cenomanian ; 
QuecUinburg,  JSaxony. 


DljioJocero.s  crisffitnm,  L)eluc  sp.  Lower  Cre- 
taceous. 


more  closely  set,  and  tubercles  smaller  than  in  that  family.  Sjiines  become  very  large, 
volutions  more  ipiadrate  in  section,  and  venter  Hat  with  prominent  keel  and  channels 
until  a late  stage.  Dorsal  sutures  reduced  in  discoidal  forms  to  one  pair  of  large 
saddles  and  one  of  incomplete  lobes  on  either  side  of  the  antisiphonal. 

Prionotropis,  Prionoajdm,  Mortoniceras,  Meek  ; Kchloenhacloia,  Xeum.  (Type  .S'. 
German,  Eeuss.).  Cretaceous. 
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taiiiily  3i.  Hystatoceratidae.  Siniihir  in  general  aspect  to  Peronicerax. 
\ oung  compressed,  smootli,  and  keeled  until  a late  stage;  they  then  become  costated, 
venter  loses  its  keel  and  is  crossed  by  fcjld-like  costae.  Sutures  simpler  than  in 
preceding  families  and  resemble  Tissotia  e.vcept  that  the  tirst  lateral  saddles  are 
.symmetrically  bilid.  Dorsal  sutures  have  at  least  two  j'airs  of  zvgous  saddles  and  one 
ot  zygous  lobes  ; sometimes  three  ]>airs  c)f  .saddles  and  two  of  lobes. 

Hiisfafoceras,  gen.  nov.  {Unuicocems,  Steinm.  aoa  Hyatt).  Type  H.  (Ai/itti.) 
Senequieri,  d Orb.  sp.  ; Hjixteroccras,  gen.  now  Type  If.  {Amm.)  varico.'iui^,  (fOrb.  .«]>.  ; 
Fallolicerus,  I’ar.  and  Bon.  Cretaceous. 


Family  38.  Lenticeratidae. 
preceding  family,  but  adult  sutures 


Young  smooth,  keeled,  discoidal,  and  resemble 
like  those  of  J*h(ccntii-era^.  Saddles  very  broad 
and  comjiaratively  solid,  the  first  laterals 
usually  with  three  aims.  Arietean  lobes  not 
liresent.  Adventitious  .saddles  arise  by  division 
and  outgrowth  of  the  ventral  or  outer  sides  of 
the  first  laterals  as  in  TissofiJac. 

Lenheeras,  (lerhard;  Puralenticeras,  gen. 
no\’.  Tyjie  P.  (Arnol')  Sieversf,  Gerhard 
s]i.  ; Plntjilenticem)!,  gen.  nov.  Type  P. 
{(J.njnot.)  hfiteropleiiriuii,  Neum.  and  Uhlig  sji. 
( 'retaceous. 

Family  39.  Tissotidae.  rrimitive  forms 
have  tulierculated  costae  and  keeled  venters, 
the  keel  probably  Inning  originated  by  coal- 
escence of  a median  line  of  tubercle.s.  Sutures 
usually  very  simjile,  .sometimes  similar  to 
Piilrlicllidap,  and  tiist  lateral  saddles  ajit  to  be 
uneipially  bitid.  Adventitious  .saddles  ajiiiear 
in  .some  foians,  but  ari.se  by  division  of  the 
outer  sides  of  the  tii-st  laterals  instead  of  from 
their  inner  .sides  as  in  Plucenticemtidne. 

Tissotia,  Douville  (Fig.  1235);  Psilotissotia, 
gen.  no\'.  Tv]k;  P.  (Pulch.)  Chnhnasi,  Xickles 
s]>.  ; Lopholubitcn,  gen.  nov.  Type  L.  (Xeol.) 
Cofteau.i'-i,  Xickles  .«]).  [?  ffeinitissofm,  PlaiiotisnoUa,  Ifeteroligsofia,  I’eron.  Xames  only 

reported  in  y.Vrae  eViV.  V’n/.  1899.]  Cretaceous. 

Inccrtue  sdhii : lUi.chicem^,  Hyatt;  d/o/sDori'csie,  Steinmann.  Cretaceous. 


I'li^  I-J3.5. 

Tissothi  Foann-U,  Hayl'-.  ( Viioiiiaiiiaii  ; 
el-.M'sai,  Algiers  (aCtci-  IJaylf). 


Mzab 


Range  and  Distribution  of  the  Ammonoidea. 

X'ot  le.ss  than  5000  species  of  Ammonoid.s  have  been  described,  as  contrasted  with 
about  2500  ot  Xautilinileii.  The  distiibution  of  the.se  amongst  the  different  sub-orders 
may  be  brielly  indicated  as  follows:  (C  The  Gastrocumqnjli  are  an  aberrant  .stock  con- 
fined to  narrow  limits  of  the  Ujiper  Devonian,  and  restricted  geograjihically  to  a few 
localities  in  Germany,  llussia,  and  England,  with  only  a single  sjiecies  from  the 
United  State.s. 

(2)  Gomaiitoids. — The  Microcaiiqjiili  comjrrise  juimitive  ancestral  forms  of  Ammo- 
noids,  and  are  confined  to  the  Devonian  system.  The  Mesocawpnjli  are  an  aberrant 
division  occurring  in  lioth  the  Devonian  and  Carboniferous  systems,  and  for  the  most 
part  enjoy  a wide  distribution.  The  most  highly  speciali.sed  family  Pinnacitidae  is 
limited,  however,  to  only  a few  European  localitie.s.  The  Eurycuwpyli  is  by  far  the 
most  important  grouj)  of  Palaeozoic  Ammonoids,  and  is  rejire.sented  'throughout  the 
Devonian  and  Carboniferous  of  both  henii.sjiheres  by  typical  Goniatitoids.  The 
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Permian  and  Triassic  genera  here  associated  in  the  same  suh-order  are  parallel  with 
normal  Triassic  Ceratitoids,  and  have  a wide  distriliution  in  the  Trias.  The  Glossv- 
canipyli  is  an  aberrant  stock  with  peculiar  sutures.  They  begin  in  the  Devonian,  but 
have  not  yet  been  traced  with  certainty  in  the  Carboniferous.  They  reappear,  how- 
ever, in  the  Permian,  and  are  represented  by  a single  family  in  the  Trias  of  India  and 
Northern  Siberia.  The  Devonian  and  Permian  genera  are  widely  distributed. 

(3)  Ceratitoids. — The  sub-order  Discocam-pyli  is  restricted  to  the  Trias  with  the 
exception  of  a single  family,  Flemingitidae,  which  occurs  in  the  Permian  of  India 
and  North  America.  The  forms  have  a world-wide  distribution,  and  are  especially 
numerous  in  India  and  the  western  United  States.  This  group  attains  the  acme  of 
specialisation  among  Ammonoids,  as  .shown  by  their  extremely  comjilex  sutures  with 
numerous  lobes  and  saddles,  combined  with  a highly  ornamented  exterior  and  con- 
siderable modification  of  form.  The  number  of  retrogressive  or  pliylogerontic  genera 
is  also  very  small. 

(4)  Ammoiiitoids. — The  Phyllocampyli  include  the  supposed  ancestral  and  primitive 
forms  of  typical  Ammonoids,  and  Ijegin  with  the  family  Frolecanitidae,  which  ranges 
from  the  Devonian  to  the  Permian.  Three  primitive  offshoots  of  this  family  are 
present  in  the  Permian,  two  of  which  jiersist  also  during  the  Trias.  In  all,  nine 
families  of  Phyllocampijli  occur  in  the  Trias,  only  one  of  which  {Phylloceratidae) 
continues  throughout  the  Jura  and  Cretaceous.  Most  of  the  families  have  a world- 
wide distribution  in  the  several  formations  where  they  occur.  The  sub-order  reaches  a 
high  degree  of  sutural  complication,  and  tliis,  together  with  the  nunilier  of  lobes  and 
saddles  in  the  Phylloceratidae,  mark  them  as  lieing  among  the  most  progressive  of 
Ammonoids  in  respect  to  sutures.  Their  shells,  however,  are  very  simple  in  comparison 
with  either  the  Discocxmpyli  or  Pachycampyli. 

The  Leptocampyli  are  obviously  a retrogressive  series.  They  begin  at  the  base  of 
tlie  Jura  with  forms  having  a restricted  number  of  lobes  and  saddles,  and  terminate  in 
the  Upper  Cretaceous  with  two  families  of  uncoiled  pliylogerontic  shells.  The  com- 
jilexity  of  the  sutural  outlines  is,  however,  constantly  maintained,  as  is  especially  well 
illustrated  by  Lytoceratidae,  where  the  arms  of  the  antisijihonal  are  curiously  juo- 
longed.  Their  distribution  coincides  with  that  of  the  Phyllocavipyli,  and  they  are 
(j[uite  abundant  in  certain  Jurassic  and  Cretaceous  localities. 

The  Pachycampyli  are  usuallj’  considered  as  the  typical  and  also  most  progressive 
forms  of  Ammonoids.  This  is  true  as  regards  the  immense  numlier  and  I’ariety  of 
modifications  in  form  and  ornament  displayed  by  their  shells  and  apertures  ; but  tlie 
sutural  inriections  are  on  the  average  less  complex  both  in  outline  and  number  of 
lobes  and  saddles  than  those  of  the  Phyllocampyli,  although  both  groups  are  evidently 
derived  from  the  same  stock. 

By  the  term  progression,  as  used  aliove,  is  meant  “ evolution  of  structures  increasing 
by  dilferentiated  additions,”  such  as  the  addition  of  more  complex  inflections  to  either 
the  dorsal  or  external  sutures,  increase  in  the  amount  of  involution,  or  the  introduc- 
tion of  keels  and  channels  on  a primitively  coin'ex  venter,  etc.  lietrogression  signifies 
“ evolution  through  the  reduction  of  such  progressive  characters,”  whether  taking 
place  locally  or  generally  in  the  organism  or  throughout  the  group.  Eetrogression,  in 
this  structural  sense,  does  not  imply  actual  reversion  to  ancestral  conditions,  except  in 
so  far  as  the  disappearance  of  a jiart  or  organ  necessarily  produces  a certain  resemblance 
to  their  ancestors  before  the  parts  or  organs  in  question  were  evolved.  Examples  will 
be  found  on  comparing  Baculites  with  Bactrites,  Mimoceras  with  Grioceras,  etc.  In 
this  sense  Ammonoids  experienced  a progressive  evolution  from  the  early  Devonian 
until  the  Upper  Trias,  when  the  first  signs  of  general  retrogression  are  observed,  and 
a few  uncoiled  and  turriliticonic  genera  appear. 

Following  their  culmination  in  the  Trias,  Ammonoids  dis2>lay  in  the  Jura  a 
mixture  of  retrogressive  with  some  progressive  features.  Part  of  their  losses  are 
regained  by  the  evolution  of  a I’ast  number  of  forms  and  modifications  during  this 
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period,  hut  there  are  numerous  localised  signs  ol'  retrogression,  due  iierliajis  to  un- 
favourahle  surroundings.  Indications  of  tliis  kind  occur  .si)oradically  througliout  the 
.Jura  and  hecome  general  in  the  Cretaceous,  leading  us  to  infer  a widesjiread  unfavour- 
able change  in  their  physical  surroundings,  similar  hut  more  extensive  than  that  which 
alfected  Eurojiean  forms  during  the  Inferior  Oolite.  To  the  latter  inlluence  should 
])roViahly  he  ascriljed  the  uncoiling  oh.served  in  the  Sjiirocerutidac.  With  the  close  of 
the  Cretaceous  all  species  di.sapj)ear  for  ever  from  the  pages  of  geological  history. 


TABLE  .SlfOAVIXG  BANGE 


AND  rBE.SUAIABLE  KINSHIP  OF 


AMMOXOID  SUB-OBDEKS. 


Cretaceous 


.Jurassic 


Triassic 


I’ermian 


Carboniferous 


Devonian 


£ 


B 


Micro-  cainjiyli 


[Professor  Hvatt’s  revision  of  the  Xautiloids  and  Ammonoids  for  the  present  work 
terminates  at  this  jioint.  The  classification  and  diagnoses  arc  condensed  from  an  exhaustive 
Monograph  on  fossil  Ce]ihalopods,  at  present  still  in  lil.S.,  which  embodies  the  results  of  his 
life-studv.  Reference  shoiihl  be  made  to  this  work,  when  jmblishcd,  for  a more  conqdete 
account  of  families  and  genera  than  it  has  been  ]>ossible  to  give  in  the  ])receding  pages. — 
Tuans.] 


Sub-Class  2.  DIBRANCHIATA. 

Cephnhjpods  Vjifh  onhj  two  arhorescent  gills  in  the  mantle-caviti/  ; provided  roand 
the  month  ivitk  eight  or  ten  arms  hearing  suckers  or  hooks,  two  of  them  [when  ten  in 
all  are  present)  being  often  developed  into  long  tentacles.  Funnel  dosed ; ink-sac 
usualb/  present.  Shell  internal,  or  if  external,  is  not  chambered ; in  many  forms 
entirely  wanting. 
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The  body  of  Dibranchiates  or  Cuttle-fishes  is  elongated,  cylindrical,  or 
sack-shaped,  and  frequently  provided  with  two  lateral  fin-like  appendages. 
The  anterior  cephalic  region  gives  off  a circlet  of  eight  or  ten  powerful, 
muscular  arms,  the  inner  sides  of  which  are  armed  with  suckers  (acefabula),  or 
a double  row  of  hooks,  and  assist  in  swimming  or  creeping,  and  also  serve  for 
the  capture  of  prey.  The  Sepioidea  have  two  of 
their  ten  arms  developed  into  very  long  tentacles 
which  bear  hooks  or  suckers  only  at  their  thickened 
extremities  (Fig.  1236).  The  lower  surface  of 
the  suckers  is  disk-  or  cup-shaped,  perforated  in 
the  middle,  and  occupied  by  nnmerous  radially 
arranged  muscle  fibres  3 they  are  also  occasionally 
furnished  with  horny  hooks  or  sharp  claws.  Each 
sucker  is  able  to  create  a partial  vacuum  by 
pressing  the  cartilaginous  rim  against  some  object 
and  then  contracting  the  inner  folds,  and  hence 
can  be  used  like  a cupping-glass. 

The  jaws  resemble  those  of  Nautiloids  in 
form,  but  are  never  calcified  3 owing  to  their 
perishable  nature,  usually  horny,  they  are  not 
preserved  in  the  fossil  state.  The  cartilage  of 
I the  head  forms  a complete  ring  enclosing  the 
central  portion  of  the  nervous  system.  The  eyes 
are  of  a large  size,  protected  by  a capsule,  and 
recall  those  of  vertebrates  in  structure. 

The  body  is  constricted  at  the  mantle  opening, 
which  occurs  just  behind  the  head,  and  at  this 
point  on  the  ventral  surface  is  placed  the  respira- 
tory orifice,  bounded  by  a projecting  fold  of  the 
! mantle.  Here  also  terminates  the  cylindrical  or 
i conical  funnel,  on  either  side  of  which  lie  the 

i T 1 -r*  -n  • ,1  • 1 1 1 1 i Pacific  Ocean.  A,  Ventral  aspect. 

i dendritorm  gills  ; m the  same  neighbourhood  too  i?,  internal  shell. 

! are  placed  the  anal  and  genital  openings. 

p The  abdomen  is  sack-shaped,  and  contains  besides  the  viscera  and  circu- 
I latory  systems  a rather  large  pyriform  vessel  called  the  ink-bag.  Its  reservoir 

tis  filled  with  an  extremely  opaque  brownish-black  fluid,  which  can  be  voided 
at  will  through  an  excurrent  canal  terminating  near  the  anus.  Menaced  or 
I alarmed,  the  creature  discharges  an  impenetrable  cloud  of  ink,  which  serves  to 
^ conceal  its  retreat.  One  often  finds  within  the  body  of  fossil  Dibranchiates 
£ not  only  a cast  or  mould  representing  the  ink-bag,  but  often  a dark-coloured 
^ residuum  of  the  carbonaceous  particles  suspended  in  the  ink. 
j The  abdomen  is  completely  covered  by  the  mantle,  which  is  a thick  and 
€ frequently  brilliantly  coloured  muscular  envelope.  Traces  of  it  are  occasion- 
l ally  found  among  fossil  forms,  owing  to  a slight  secretion  of  calcareous  matter 
I within  it. 

® Most  Dibranchiates  secrete  an  internal  shell  within  the  mantle.  Only 
among  the  Octopoda  is  a shell  absent  entirely,  or  replaced  in  the  female  by  a 
fe  thin,  simple,  unchambered  spiral  3 but  this  last  is  in  nowise  homologous  with 
i the  usual  Dibranchiate  shell.  Spirida  has  a spiral,  camerated  shell,  the  septa 
I of  which  are  traversed  by  a siphuncle,  and  whose  coils  are  not  in  contact.  It 
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is  situated  iii  the  hinder  portion  of  the  body  and  is  partially  enveloped  by  the 
mantle.  Among  extinct  Belemnifes  the  internal  shell  consists  of  three  parts : 
a chambered  cone  (phragmocone),  which  is  prolonged  forwards  on  the  dorsal 
side  into  a delicate  corneo-calcareous  proosfracam,  and  is  inserted  at  the 
posterior  end  into  a finger-like  calcareous  piece  called  the  guard  (sheath  or 
rostrum),  (Fig.  12.37,  C). 

Some  living  Cuttle-fishes  have  an  elongated-oval,  horny,  feather-shaped 
proostracum  or  “pen”  (Fig.  125-o),  which  is  situated  dorsally  in  a closed  sac 
of  the  mantle.  It  is  sometimes  extremely  thin,  and  composed  of  conchyolin 
or  lime  carbonate.  The  gladius  or  “ cuttle-bone,”  as  the  shell  is  called  when 
calcified  in  some  genera,  retains  a vestige  of  chambering  at  its  posterior  end, 
but  as  a rule  exhibits  no  indication  of  a phragmocone,  properly  speaking. 

Many  living  Dibranchiates  are  gregarious,  and  swim  in  the  open  sea  in 
hordes  ; others  creep  on  the  bottom  or  lead  a sejiarate  existence  along  rocky 
shores.  They  are  extraordinarily  active,  voracious  animals,  and  prey  upon 
mollusks,  crustaceans,  and  fishes.  A few  species  are  esteemed  as  food  by  man. 
In  size  Dibranchiates  are  extremely  variable  ; some  forms  are  only  2 or  3 cm. 
long,  and  others  attain  gigantic  dimensions.  Arch iteuf his,  for  example,  reaches 
a total  length  of  12  metres,  the  Itody  being  2'5  long,  and  over  2 metres  in 
circumference.  Its  arms  are  thick  as  a man’s  leg,  and  the  suckers  sometimes 
as  large  as  ordinary  coffee-cups. 

Dibranchiates  are  divided  into  three  sub-orders,  as  follows  : — Bdeinnoidea, 
Sepioidea,  and  Ortopuda. 

Sub-Order  A.  BELEMNOIDEA.  {I’hragmophorn,  V\sd\\aY.)^ 

Shell  internal,  chamhered,  and  the  septa  traversed  Inj  a siphuncle;  conical  or  more 
rarebj  spiral,  and  {witlt  the  exception  of  Spirula)  terminating  posteriorly  in  a calcareous 
sheath  or  guard.  Arms  ten  in  number,  provided  with  hooldets.  Trias  to  Recent. 

Save  for  tlie  genus  Spirula,  all  foiaiis  belonging  to  this  sub-order  are  extinct.  Their 
camerate  shells,  perforated  by  a siphuncle,  betoken  a kinship  with  Tetrabranchiate.s, 
but  there  are  decided  dilferences  both  in  shell -.structure  and  function.  Tetrabrancliiates 
have  the  shell  alway.s  external,  enclosing  the  liody,  but  in  the  jiresent  grouj)  it  is 
envelo2)ed  by  the  soft  i>arts.  Direct  connection  between  the  Sepioidea  and  Jlelemnoiden 
is  apparent,  and  although  their  shells  dilfer  in  form  and  structure,  yet  a rudimentary 
phragmocone  ])ei'sists  in  the  former  at  the  posterior  end  of  the  skeleton.  This 
rudiment  is  much  more  ])crfectly  developed  in  Belosepia  of  the  Tertiary,  which  is  a 
connecting-  link  between  llelemnoidea  and  Sei>ioidea.  It  is  j)0.ssible  to  explain  the 
entire  internal  shell  of  Spirula  as  homologous  with  the  jihragmocone  of  Belemnites. 
It  begins  as  a globular  or  inllated  ])i'otoconch,  which  is  constricted  off  from  the  first 
camera,  and  is  devoid  of  a cicatrix.  Tlie  siphuncle  oiiginates  as  a caecal  tube,  and  is 
continued  ajiicad  as  a prosijihon,  the  same  as  in  Tetrabrancliiates. 

Family  1.  Belemnitidae.  de  Blainville. 

Shell  composed  of  a conical  camerate  phragmocone,  continued,  on  the  dorsal  side  as  a 
proostracum,  and  an  elongated  solid  rostrum  or  guard.  Arms  ten  in  number,  of  eqical 
length,  provided  with  hfjcjldets.  Ink-bag  presoit.  Trias  to  Eocene. 

^ In  adilition  to  the  priiicijial  literature,  cited  on  pp.  502-.'i05,  see  the  following : — C'rie.k,  (J.  C.,  On 
Coccoteuthis  and  Acanthoteuthis  (Geol.  M.ag.  [4],  vol.  III.  (1896),  p.  439,  and  IV.  (1897),  p.  1)-— 
Hiulei/,  T.  II.,  and  Petseneer,  P.,  Report  on  Spirula  (Appendi.x  Cliallenger  Rep.,  Zoology,  Part 
LXXXIIb),  1895. 
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This  family,  owing  to  its  great  diversity  of  forms  and  geological  importance,  occupies  a 
foremost  position  among  Belemmidea.  The  shell  may  be  considered  as  the  prototype  of  that 
in  all  Dibranchiates,  since  it  has  all  the  component  parts  fully  developed,  whereas  in  other 
groups  some  of  these  become  atrophied. 

The  shell  of  BcUmnites  (Fig.  1237)  consists  of  three  fundamental  portions  : (1)  A solid 
calcareous  piece,  usually  much  elongated,  and  of  sub-cylindrical,  conoidal,  or  fusiform  shape. 
This  is  called  the  guard  [rostrum,  osselet,  gaine,  Schcide),  and  is  excavated  at  its  anterior 
broad  extremity  into  a conical  cavity  or  alveolus.  Within  the  alveolus  is  placed  (2)  the 
phragmocone.  This  consists  of  a conical  series  of  chambers  (loculi),  the  sejita  of  which  are 
pierced  at  the  ventral  margin  for  the  jjassage  of  the  siphuncle.  The  phragmocone  begins  with 
a globular  protoconch,  and  its  last  or  anterior  chamber  is  of  comparatively  large  size.  It  is 
invested  with  a thin  jiroper  wall  (conotheca),  which  is  prolonged  forwards  on  the  dorsal  side 
into  a more  or  less  calcified  plate  called  (3)  proostracwm.  This  last  corresponds  to  the 
“ pen  ” of  living  cuttle-fishes.  There  is  evidence  that  its  anterior  margin  is  convex,  but  it  is 
so  extremely  thin  that  it  is  never  perfectly  preserved,  and  like  the  phragmocone,  is  wanting 
in  by  far  the  greater  number  of  specimens. 

Notwithstanding  the  fragmentary  condition  in  which  the  proostracum  invariably  occurs, 
it  is  possible  to  reconstruct  its  outlines  from  the  peculiar  conothecal  striae,  or  markings  of  the 
membranous  substance  with  which  it  is  invested.  The  conotheca  is  made  up  of  three  very 
thin  superimposed  laminae,  the  outermost  of  which  usually  shows  the  markings  alluded  to 
most  distinctly  (Fig.  1237,  C).  The  conical  surface  of  the  phragmocone  and  proostracum  is 
divided  by  Foltz  into  four  principal  regions  radiating  from  the  apex  : A dorsal  area,  including 
all  the  space  between  two  straight  lines  called  the  asymptotes,  which  extend  from  the  apex  ol' 
the  cone  as  far  as  the  aperture.  This  area  occupies  about  one-fourth  of  the  circumference,  and 
is  marked  with  loop  lines  of  growth  conve.x  toward  the  front.  On  either  side  of  the  dorsal 
area  and  separated  from  it  by  the  asymptotes  is  a lateral  or  hyperhoHc  area,  each  one 
occupying  aljout  one-eighth  of  the  circumference,  and  covered  with  very  obliquely  arched 
lines  in  a hyperbolic  form.  The  ventral  area  is  covered  with  numerous  transverse  striae,  of 
which  there  are  many  on  each  alv'eolar  chamber,  and  they  are  closer  together  the  nearer  they 
are  to  the  apex  of  the  phragmocone.  The  striae  of  the  dorsal  area  are  less  numerous  than 
those  of  the  rest  of  the  shell,  and  usually  less  pronounced,  being  sometimes  imperceptible. 

‘ ‘ The  guard  of  Belemnitcs  consists  of  prismatic  calcareous  fibres,  which  are  directed 
perpendicularly  to  the  surface,  and  radiate  in  all  directions  from  an  axial  line,  which  is  not 
strictly  central,  but  is  somewhat  nearer  the  ventral  than  the  dorsal  side.  The  growth  of  the 
guard  is  effected  by  the  deposition  of  successive  conical  layers  or  sheaths,  which  are  secreted 
over  the  entire  surface,  but  are  thickest  behinil,  and  become  gradually  attenuated  in  front. 
The  surface  of  the  guard  is  smooth  ; or  may  be  wholly  or  partially  granulated  or  wrinkled  ; 
or,  again,  may  be  marked  with  branched  vascular  impressions,  which  are  esiiecially  con- 
spicuous on  the  ventral  side.  In  many  cases  a well-marked  groove — the  ventral  furrow — runs 
from  the  edge  of  the  alveolus  backwards  on  the  ventral  side,  extending  for  a short  distance 
only,  or  reaching  to  the  point  of  the  guard  (Fig.  1241,  C).  The  apical  jiortion  of  the  guard 
often  shows  two  symmetrical  grooves  (the  dorso-lateral  grooves)  which  diverge  slightly  and 
become  shallower  as  they  extend  forwards,  and  which  mark  the  dorsal  side  of  the  shell  ” 
(Nicholson). 

As  shown  by  vascular  impressions  on  the  rostrum,  the  shell  of  Belemnoids  was  completely 
enveloped  by  the  mantle.  Natural  casts  of  the  animal  occurring  in  the  English  Lias  (Figs. 
1237  B,  1250)  exhibit  an  elongated  form  of  body,  contracted  anteriorly,  with  a small  head 
surrounded  by  ten  equal  arms.  An  ink-sac  is  present,  and  the  arms  are  provided  with  hooks. 
The  maximum  size  attained  by  Belemnitoids  is  between  2 and  2 "5  metres. 


Aulacoceras,  Hauer  (Fig.  1238).  Guard  elongated,  clavate,  contracted  anteriorly, 
thickened  in  the  posterior  third,  and  pointed  at  the  tipi ; composed  of  concentric, 
loosely  superimposed  lamellae.  Each  side  marked  by  a deep  broad  lateral  groove 
reaching  from  the  tip  as  far  as  the  anterior  alveolar  margin.  Phragmocone  at  least 
twice  as  long  as  the  rostrum,  slowly  increasing  in  width  anteriorly,  ornamented 
externally  with  raised  longitudinal  lines,  which  are  crossed  on  the  dorsal  side  by  a 
transverse  series,  convex  toward  the  front ; closely  resembling  Orthoceras.  Septa 
rather  distantly  spaced  ; siphuncle  marginal,  thin ; proostracum  unknown.  Guards 
of  this  genus  are  rare,  but  detached  pihragmocones  not  uncommon.  Upper  Alpine 
Trias. 

Atractites,  Gumb.  Like  Aulacoceras,  but  guard  large,  smooth,  and  without  lateral 
furrows.  Phragmocone  either  smooth,  or  with  fine  asympitotic  lines,  and  dorsal  area 
marked  with  extremely  fine  growth-lines,  convex  toward  the  front.  Guards  and 
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pliragmocones  almost  always  occur  detached.  The  former  originally  mistaken  for 
Orthoceratites,  hut  are  distinguished  by  their  marginal  siphuncle  and  characteristic 
conothecal  striae.  [Hyatt  regards  both  Aidacoceras  and  Atractites  as  descended  from 
Ortlioceratite.s.]  Upper  Trias  and  Lias  of  the  Alps. 

Xiphoteuthis,  Huxley.  Lower  Lias  ; England. 

lielemniteK,  Lister  (Figs.  1237-1242).  Name  first  applied  by  Agricola  in  1546. 
Guard  dactyliform,  subcylindrical,  or  conoidal,  sometimes  short  and  thick,  sometimes 


Fifi.  1237. 


.1,  V(*rtlcal  .section  of  u lirlrmnitt*,  tlu*  proostracuni  lirokon  away 
abovi»  tlic  phra^mooniif*.  />,  Jirhmnites  J^nirjirrinnus,  Millrr.  liowcr 
I.ias:  Cliarmoutli,  Kn^Haixl.  C'ast  of  coiiijiletf*  individual.  Va 
Ihixlvy).  C,  Hrstoratioii  of  a Ibdemnitv  sludl. 

AltiiP’viation.s  : A',  Kostrmn  or  “;.:uard";  iV/,  Plira^jinocone ; Po, 
I’rnostravum  ; n,  Apical  lino  reaching  from  a])ox  of  guard  to  bottom  of 
alveolus  (o) ; A,  Imjirossion  of  arms  ; c,  Camerae  of  pliragmocone  ; ?,  An- 
t**rior  end  of  I'roo.stracum  ; o,  Prutoconch  ; si,  Siphuncle;  x,  Ink-bag. 


Fi(».  P238. 

Aulacoofras  rcticulatum,  Hauer. 
Upper  Trias ; Ibithelstein,  near 
Aussee,  Austria.  A,  Guard  and 
jdiragmocone,  Ji,  Guard,  Vi* 
C,  Portion  of  phi*agmocone  sliced 
to  .show  siphuncle  and  siphonal 
funnels. 


slender  and  mucli  elongated  ; retral  j'ortion  tapering,  submucronate,  or  obtusely 
rounded.  Owing  to  irregularity  in  secretion  of  calcite  layers  on  the  jieriphery  of  the 
guard  during  growth,  indivkluals  lielonging  to  the  .same  species  but  of  ditl'erent  ages 
are  apt  to  vary  considerably  in  form.  Such  differences  are  well  illustrated  in  B. 
anutriuti,  Schloth.  The  young  are  sometimes  fusiform,  but  grow  cylindrical  or 
conical  with  age.  About  350  .s]>ecies  are  known,  ranging  from  the  Lower  Lias  to 
summit  of  the  Cretaceous ; maximum  from  Middle  Lias  to  Lower  Cretaceous. 
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Distribution  ivorld-wide ; most  abundant  in  Europe,  Asia,  and  North  America.  As 


an  index  fossil  of  the  Jura  and  Cretaceous, 
this  genus  is  scarcely  less  important  than 
Ammonites. 

Sub-Genera  : Pachyteuthis,  Bayle(Fig.  1241,  A). 
Guard  perfectly  smooth.  Contiiied  to  Lower  Lias. 
B.  acutus,  Mill. 

Megateuthis,  Bayle  [DactyloteutMs,  Bayle  ; 
Paxillosi),  (Fig.  1241,  B).  Apex  of  guard  with 
two  or  three  usually  short  grooves.  Middle  Lias 
to  Lower  Cretaceous.  B.  paxillosus,  B.  giganteus, 
Schloth.  ; B.  elongatus.  Mill.  ; B.  suhquadratus, 
Roem.,  etc. 

Belemnopsis,  Bayle  {Hibolithes,  Month  ; Gastro- 
coeli,  Canalimlati,  Hastati),  (Fig.  1241,  D,  E). 
Guard  wdth  deep  and  usually  long  ventral  furrow 
extending  from  alveolar  margin  toward  the  apex, 
with  or  without  dorso-lateral  lines.  Middle  Jura 
to  Middle  Cretaceous.  B.  eanalieulatus,  Schloth.  ; 
B.  dbsolutus,  Fisch.  ; B.  uniccmalieulatus,  Ziet.  ; 
B.  ininimus,  Lister. 


Fig.  1240. 

Belemnites  (Duvalio.) 
dilatatus,  Blv.  Neo- 
comian;  Justithal, 
Lake  of  Thun,  Switzer- 
land. 


Fig.  1239. 

Belemnites compressus.  Lias; 
Gundershofen,  Alsace. 
Phragiuocone  with  well-pre- 
served conotheca,  a,  Asymp- 
totic line ; h.  Hyperbolic 
area  ; v,  Ventral  area. 


Fig.  1241. 


A,  B.  (Pachyteuthis)  acutus,  Miller.  Lower 
Lias ; Lyme  Regis,  Dorsetshire.  B,  B.  (Mega- 
teuthis) paxillosus,  Schloth.  Middle  Lias  ; Metzin- 
gen,  Wtirtemberg.  C,  B.  (Pseudobelus)  bipartitus, 
Blv.  Lower  Cretaceous ; Castellane,  Basses 
Alpes.  a,  b,  c,  Dor.sal  and  ventral  aspects  and 
cross-section,  l/i-  D,  B.  (Belemnopsis)  canalicu- 
latus,  ScMoth.  Inferior  Oolite ; IVurtemberg. 
E,  B.  (Belemnopsis)  hastatus,  Blv.  Oxfordian ; 
Dives,  Calvados. 


Pseudobelus,  Month  (Bipartiti),  (Fig.  1241,  C).  Guard  thin,  slender,  with  deep  dorso- 
lateral grooves,  with  or  without  ventral  furrows.  Upper  Lias  to  Lower  Cretaceous.  B.  exilis, 
d’Orb.  ; B.  bipartitus,  Blainv. 

Actinocamax,  Mill.  {Gonioteuthis,  Bayle),  (Fig.  1242).  Guard  cylindrical,  submucronate, 
with  short  but  very  deep  ventral  furrow  ; anterior  end  foliaceous,  and  very  liable  to  dissolu- 
tion. Phragmocone  only  very  slightly  inserted  in  the  guard,  the  two  portions  usually 
separated  by  an  interval.  Middle  and  Upper  Cretaceous.  B.  subventricosus,  Wahlb.  ; B. 
quadratus,  Blainv. 

Belemnitella,  d’Orb.  (Fig.  1243).  Guard  cylindrical,  with  short,  deep  ventral  furrow 
falling  short  of  alveolar  margin.  Phragmocone  inserted  in  guard.  Vascular  impressions 
often  beautifully  preserved.  Upper  Cretaceous. 
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Diploconm,  Zitt.  (Fig.  1244).  Guard  short,  ohtusely  conical,  and  having  a con- 
centric lamellar  structure,  not  radial  and  fibrous.  Phragmocone  reaching  nearly  to 
posterior  end  of  guard.  Tithonian. 

JJaiianoteufliis,  Mun.-Chalm.  Guard  long,  cylindrical,  mucronate,  M'ith  shallow 
lateral  grooves.  Dorsal  area  roughened.  Phragmocone  very  slender  and  long,  oval  in 
section.  Eocene.  B.  riup'fer,  Schloenh. 

Vasse}iria,_  ilun. -Chaim.  Guard  slender,  elongated-conical,  with  three  longitudinal 
grooves  extending  from  the  apex.  Alveolus  over  half  as  long  as  the  guard. 


A B 


lirlcm  » i trs  (.1  ct  i n nca  maj-)  qum}- 
mtus,  Blv.  sp.  Upper  Creta- 
ceous: Germany.  A,  Dorsal 
view  of  guard  witli  deformed 
j»]»raginocone  jirojecting  from 
alveolus.  7i,  Ventral  aspect  of 
guard.  C,  Alveolus  from  above 
(after  Schliiter).- 


B C 


Fin.  1243. 

Bclnan  iO’s  ( Iklcm  n itella)  mnrroiuitus^ 
Scldotli.  Ui>l)er  Cretaceous ; Drensteiii- 
furlli,  Westphalia.  A,  B,  G,  Ventral,  dorsal, 
and  lateral  aspects.  2/jj. 


Fig.  1244. 

Diploconus  helem^ 
7iitoidca,  Zittel.  Ti* 
thoniau ; Stramberg. 


Fig.  1245. 

Beloptera  5e?em- 
'niloidm,  Hlv.  Calcaire 
Grossier;  Paris  Basin. 
Ventral  aspect. 


Sii)honal  funnels  extending  from  one  septum  fo  the  next.  Very  rare  in  Eocene  of 
Pretagne. 

Belemnosis,  ^I.  Edw.  Very  rare  in  English  Eocene. 

Beloptera,  Plainv.  (Fig.  1245).  Guard  short,  composed  of  two  cones  placed  with 
their  ajiices  against  one  another  and  united  by  a central  exjjansion  which  projects 
outwardly  on  eitlier  side.  Anterior  cone  with  alveolus.  Phragmocone  unknorvn. 
Eocene. 

Belop>terinu,  Mun.-Chalm.  Like  Beloptera,  but  without  the  lateral  wing-like 
exjian.sions.  Eocene. 


Family  2.  Belemnoteuthidae.  Zittel. 

Shell  comjiosed  of  a conical  phragmocone  and  proostracum,  the  rostrum  being  reduced 
to  a thin  calcareous  investment  of  the  phragmocone.  Ten  arms  of  nearly  equal  length, 
each  beset  with  a double  row  of  hoolcs.  Ink-sac  ptresent.  Trias  and  Jura. 
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Acanthoteuthis,  Wagner  and  Miinst.  {Belemnites,  Quenst.  p.p.  ; Ostracoteuthis, 


■''A 


Fig.  1247. 

Acanthoteuthis  speciosa, 
Miinst.  Eichstadt.  A, 
Impression  of  shell,  the 
proostracum  accident- 
ally bent  side\vays.  B, 
Proostracum  showing 
septa  and  siphonal 
funnels.  2/g. 


f, 

- (■; 

I ^.7  (11 


A — ’ 

\ rl  c J 


■ p-  ^ 

Ik. 

<V/ 

^ , Vy'  ^ ‘-I'A 


^ ti  \ ^ < 


V' 


Fig.  1247. 


Fig.  1248. 

Acanthoteuthis  s'peciosa, 
Miinst.  Solenhofen.  Pro- 
ostracum. 2/g, 


Pig.  124(5. 

Acanthoteuthis  speciosa,  ^Miinst.  Lithographic 
Slates;  Eichstadt,  Bavaria.  Impression  of  arms 
and  body.  i/o. 


Zitt),  (Figs.  1246-1248).  Pliragmocone  with  numerous 
septa,  and  sipliuncle  having  short  siphonal  funnels  ; 
enveloped  externally  in  a thin  granular  calcareous  layer 
representing  the  guard.  Surface  of  proostracum  divisible 
into  a broad  dorsal,  and  two  narrow  lateral  areas  which 
are  longitudinally  striated  and  taper  toward  the  front. 
Dorsal  area  ornamented  with  fine  parabolic  and  also 
straight  longitudinal  lines ; anterior  margin  rounded. 
An  impression  of  the  animal  found  in  the  Lithographic 
Slates  shows  an  ink-bag  and  ten  powerful  arms  about 
the  head,  which  are  beset  with  two  rows  of  opposite, 
horny,  falciform  booklets.  Upper  Jura. 

Pliragmoteuthis,  Mojs.  (Fig.  1249).  Proostracum 
twice  as  long  as  the  conical  phragmocone,  with  dorsal 
area  bounded  by  asymptotic  lines,  and  two  shorter 
lateral  areas ; anterior  margin  of  all  areas  rounded. 
Phragmocone  invested  by  a brownish  layer  represent- 
ing the  guard.  Trias  (Raibl  Beds). 

Belemnoteuthis,  Pearce  (Gonoteuthis,  d’Orb.),  (Figs. 
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1250,  1251).  Like  Acanthoteuthis  but  smaller,  and  pliragmocone  not  produced 
into  a long  proostracum.  LTjjper  Callovian  and  Lower  Cretaceous. 


A 


Fig.  1249. 

A , Ph ruijmutcn (h is  hisi n vnta, 
Bronn.  s]>.  Trias;  Railil,  Car- 
intliia.  Ph,  riiraginocone  ; Po^ 
IToostracuni ; L,  I>atf*ral  area 
of  proostracum;  Ink-bag. 
P,  Hooklets  of  arms,  i/j  (after 
Suess). 


Fig.  1200. 

]i  (•  I € in  notent  h i s (t  nt  i 'luo, 
IVarcp.  Oxford  Clay  ; Cliris- 
tian  Malford,  Wilts.  A,  Tartly 
restored  specimen,  Vi»*  oc, 

Eyes  : in,  Mantle.  Other 

letters  as  in  P'ig.  1249.  J}, 

llooklet,  4/j  (after  Mantell). 


ABC 


Fig.  1251. 


Pitcmnotenlhis,  Pearce  sp.  Oxford  Clay  ; 
Oammelshausen,  Wiirtemberg.  A,  C, 
Dorsal  and  ventral  asjiects.  71,  Septum 
and  siidiuncle. 


Fig.  1252. 

Spirnlirostm  Bellardii,  Mich.  sp.  Mio- 
cene ; Superga,  near  Turin,  Italy.  A, 
Side  view.  71,  Longitudinal  .section.  Ji, 
Ouard  ; Ph,  Pliragmocone.  '/i  (after 
M unier-Chalmas). 


Spinda  Peronii,  Lam. 
Recent  ; Pacitlc.  Longi- 
tudinal section,  Vi-  lh*o. 
tocoTich  ; c,  Caecal  com- 
mencement of  siphuncle; 
p,  Prosiphon  ; s,  Siphuncle 
after  Munier-Chalmas). 


Spirilla,  Lam. 


Family  3.  Spirulidae.  Zittel. 

Shell  reiluced  to  a chambered  pliragmocone  coiled  into  a flat 
spiral,  the  coils  not  in  contact ; situated  in  pmsterior  part  of  the 
hodij,  and  the  greater  portion  contained  icithin  the  mantle.  In 
addition  to  the  eight  arms,  tico  long  tentacles  loithout  hooks  are 
placed  hchveen  the  third  and  fourth  pairs.  Pliocene  and  Recent. 

Spiridirostra,  d’Orb.  (Fig.  1252).  Shell  composed  of  a short 
triangular  pointed  guard,  which  is  excavated  anteriorly  for  the 
reception  of  the  chambered  i)hragmocone.  The  latter  begins  as 
a spiral,  but  speedily  becomes  straight,  and  has  .septa  jnerced  on 
the  concave  ventral  side  by  the  marginal  siphuncle.  Only 
one  sj)ecies.  Upjjer  Miocene  of  Turin. 

Spirulirostrina,  Canavari.  Like  the  preceding,  but  guard 
reduced  to  two  small,  lateral  wing-like  a2>pendages.  Neocene 
of  Sardinia. 

(Fig.  1253j.  Guard  wanting.  Chambered  j)hragmocone  enrolled 
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with  the  ventral  side  concave,  the  coils  not  in  contact,  composed  of  nacreous  substance  ; 
septa  concave ; pirotoconch  globular.  Sipiliuncle  ventral  and  marginal  in  position, 
comjileted  by  siphonal  funnels  extending  between  the  sepita.  Prosi2ihon  jiresent. 
Recent;  inhabits  tropical  seas.  [For  descrip>tion  of  the  animal  see  “ Zoology,”  Part 
LXXXIII.,  of  Challenger  Reports,  1895.] 


Sub-Order  B.  SEPIOIDEA.  Cuttle-fishes. 

Shell  internal,  without  differentiated  phragmocone  and  guard,  hut  consisting  essenti- 
ally of  proostnmim  or  “pen,’’  ivhich  is  either  oval,  or  narroiv  and  elongated.  Arms  ten 
in  number,  provided  with  suchers  or  hooks.  Ink-hag  present. 

Family  1.  Sepiophoridae.  Fischer. 

Skeleton  calcareous,  elongated-oval,  terminating  posteriorly  in  a thickened  mucro 
which  represents  a rudimentary  phragmocone  and  rostrum,  and,  encloses  a conical  cavity. 
Siphuncle  ivanting. 

The  thickened  jiosterior  mucro  is  a rudimentary  structure  2)robably  corresp>onding 
to  the  guard  of  Belemnoids,  and 
its  conical  cavity  to  the  alveolus 
Belosepia  retains  a vestigial 
chambering  but  no  siphuncle, 
and  in  Sepict  a recognisable 
phragmocone  is  wholly  wanting. 

Belosepia,  Voltz  (Fig.  1254). 

As  a rule  only  the  piosterior 
jiortion  of  the  jiroostracum  is 
preserved.  This  ends  in  a bent 
spine,  which  is  thickened  an- 
teriorly, laterally  exjjanded,  and 
contains  near  the  apex  a conical 
alveolus.  The  latter  shows  on 
the  dorsal  side  incomplete  traces 
of  sejita,  and  a wide  funnel-like 
depression  occujiies  the  place  of  a 
siphuncle.  Eocene  ; not  uncom- 
mon in  Paris  Basin. 

Sepia,  Lam.  (Fig.  125  5). 

Proostracum  of  erpual  length 
with  the  mantle,  elongated-oval, 
rounded  anteriorly,  thickened 
posteriorly  and  terminating  in  a 
short  mucro.  The  latter  contains 
a conical  alveolus.  External  walls  ec 
of  proostracum  consisting  of  two 
brittle  calcareous  laminae,  th 
separated  by  a horny  layer.  In- 
ternally with  a mass  of  extremely  fine  parallel  calcareous  lamellae,  increasing  in 
thickness  anteriorly  ; the  lamellae  separated  from  one  another  by  minute  vertical 
rods,  thus  producing  a spongy  texture.  The  familiar  cuttle-bone  of  commerce  or 
ossa  Sepiae,  is  the  pen  of  Sepia  officinalis,  Linn.,  and  is  found  in  great  quantities 
along  the  coast  of  certain  countries.  Several  Tertiary  spiecies  known. 


Fig.  1254. 

Belosepia  Blainvillei,  Desh. 
)cene  ; Anvers,  near  Paris. 

Posterior  end  of  sliell, 
ntral  aspect.  B,  Same  from 
e side  (after  Desliayes). 


Fig.  1255. 

.Sepia  ogiicinalis,  Linn.  Recent. 
Ventral  view  of  sliell.  A,  Cal- 
careous lamellae  of  proostracum. 
B,  Position  of  rudimentary  phrag- 
mocone in  front  of  mucro,  %. 
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Family  2.  Chondrophoridae.  P'isclier. 

Proosfracum  rnnch  elongated^  thin,  com^wsed  of  conchiolin  or  of  alternating  layers  of 
calcareous  and  horny  matter,  thickened  iwsteriorhj,  and  without  conical  alveolar  cavity. 
Jura  to  Eeceut. 


Coccoteutlns,  Owen  {1  rachytcuthis,  v.  Meyer  (Fig.  125G).  Proostracuni  elongated- 
oval,  compo.sed  ot  calcareoirs  and  liorny  laminae,  rounded  posteriorly  or  with  but 
slightly  projecting  mucro  ; external  surface  roughly  granulated,  and  marked  by  lines 
diverging  Irom  the  ajiex.  Tliese  lines  limit  the  boundaries  of  two  wing-like 
expan.sions  ju'ojeciing  from  the  sides  of  tlie  elongated  median  portion.  Imjiressions  of 
the  body  and  arms  occasionally  found  in  the  Lithographic  Slates  of  Bavaria.  Upper 
J lira. 

Leptoteuthis,  v.  Meyer.  Proostracuni  very  large,  thin,  narrowing  posteriorly,  and 
coui])osed  of  several  layers  of  calcareous  and  horny  layers.  Median  area  ornamented 


Flii.  1250. 


Coccniciilhis  hrixtl/urmis,  Riipp. 
sji.  I.illio^rapliic  Slates;  Eicli- 
stadt,  Bavaria. 


Fig.  1267. 

IlrloUiithis  Srhitchhri,  Qneiist. 
Upper  Lias;  Ilolzniaden,  Wiir- 
teniber;;.  1/2  (after  Queiistedt). 


Fig.  12.68. 

deotcv  this  Jlnllensis,  Zieten. 
U])per  Idas;  Ilolzniaden,  Wiirtem- 
liern.  Shows  ink-bag  and  cono- 
tbecal  striae.  Vs. 


with  fine  undulating  transverse  striae,  convex  toward  the  front,  and  separated  from  the 
lateral  areas  by  longitudinal  lines  diverging  from  the  ajiex.  Lateral  areas  marked 
witli  oblicpie  inwardly  directed  lines,  and  bordered  by  lateral  expansions  which  are 
widest  posterioi’ly.  Up]ier  Jura  of  Southern  Germany.  L.  gigas,  v.  l\Ieyer. 

Geoteuthis,  Miinst.  (Fig.  12,58).  Proostracum  composed  of  thin  alternating  horny 
and  calcareous  layers,  widest  in  front,  rounded  jiosteriorly.  IMedian  area  divided  into 
halves  by  a longitudinal  line,  and  bounded  on  either  side  by  lateral  areas  with 
hyperbolic  striae.  Ink-bag  frecpiently  pre.served,  the  contents  transformed  into  a jet-like 
substance.  It  is  possible  to  dissolve  the  carlionaceous  particles  so  as  to  prepare  a wash 
resemliling  India  ink.  Upper  Lias  of  Germany,  France,  and  England. 

Beloteuthis,  iliinst.  (Fig.  1257).  Proostracum  very  thin,  elongated,  feather-shaped, 
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broadly  rounded  posteriorly,  pointed  in  front,  traversed  by  a median  longitudinal 
keel.  Upper  Lias  of  Wiirtemberg. 

Teuthopsis,  Desk  Lias.  Celaeno,  Miinst.  Ltpper 
Jura.  Phylloteuthis,  Meek  and  Hayden ; Actinosepia, 

Wliiteaves.  Cretaceous.  ■'/ 

F/eszofeicfhis,  Wagner  (Fig.  1-259).  Proostracuni  very 
thin,  long,  narrow,  lanceolate,  pointed  posteriorly,  rounded 


in  front,  with  a median  longitudinal  keel  and  a raised 
line  along  each  of  the  lateral  edges.  Very  abundant  in 
Lithographic  Slates,  and  impressions  of  the  body  and  head 
not  uncommon.  Also  found  in  Cretaceous  of  Maestricht 
and  Syria. 

Sub-Order  0.  OCTOPODA. 

Body  without  internal  shell,  and  only  the  female  of 
Argonauta  secreting  a single-chambered  external  shell.  The 
two  tentacles  are  not  present,  and  the  eight  arms  hear  sessile 
suchers  without  horny  rims.  Eye  relatively  small,  without 
spihincter-like  lid.  Body  short  and  rounded,  usually  ivithout 
fin-like  appendages. 

The  majority  of  genera  belonging  here  are  naked  and 
therefore  without  fossil  representatives.  The  small  male 
of  Argonauta,  Linn.,  is  without  a shell,  but  the  large 
female  bears  a delicate,  boat-shaped,  spiral  shell  which  is 
secreted  partly  by  the  mantle,  and  partly  by  two  fin-like 
expansions  of  the  dorsal  arms.  Outer  surface  of  shell 
ornamented  by  folds  and  tubercles,  and  two  nodose  ventral 
keels  are  present.  Late  Tertiary  and  Recent. 


/ 


Vertical  Range  of  the  Dibran chiata. 

As  compared  with  Tetrabranchiates,  the  Dibranchiata  (/- ' 

are  of  subordinate  geological  importance.  Their  entire 
organisation  renders  them  less  well  adapted  for  preserva-  y f 

tion  in  the  fossil  state,  and  accordingly  we  shall  nerer  be 
able  to  form  even  an  approximate  idea  of  their  importance 
in  their  contemporaneous  faunae.  The  earliest  representa- 
tive of  Belemnoidea  ajipears  in  the  Trias  (Aulacoceras), 
and  the  Sepioidea  are  initiated  in  the  Lias.  From  what 
group  Dibranchiates  are  descended,  whether  from  the 
Tetrabranchiates  or  from  primitive  naked  ancestors,  we 
means  for  determining.  They  appear  suddenly  in  a high  state  of  development ; but  a 
still  more  remarkable  fact  is  the  swift  culmination  and  decline  of  the  group  of 
Belemnoids.  In  place  of  the  small  number  of  forms  met  with  in  the  Trias,  we  find 
even  in  the  Lias,  as  well  as  other  divisions  of  the  Jura  and  Lower  Cretaceous,  a rich 
and  varied  Belemnite  fauna.  At  the  close  of  the  Cretaceous  only  two  genera, 
Belemnitella  and  Actinocamax,  persist  in  relatively  large  numbers,  and  although  a few 
antiquated  relics  of  the  same  stock  hold  over  into  the  Eocene,  their  very  rarity 
demonstrates  waning  vitality.  The  sole  living  representative  of  Belemnoids  is  the 
genus  Spirula. 

In  all  probability  the  Sepioidea  are  descended  from  Belemnoids.  Belosepia  of  the 
Tertiary  has  tolerably  distinct  indications  of  a phragmocone,  but  in  Sepia  proper  this 


Fig.  1259. 

riesioteuthis  prisca,  Rtipp.  sp. 
Lithographic  Slates ; Eichstiidt. 
A,  Impression  of  animal  showing 
arms  and  ink-bag.  B,  Shell,  i/o. 

have  at  present  no  certain 


604  ' 


MOLLUSCA 


SUB-KINGDOM  VI 


structuie  is  reduced  to  the  merest  rudiment.  Jui’a-s-sic  Chondrophoridae  apjiroximate 
closelj  to  recent  memhers  of  the  same  lamily.  All  the  evidence  at  our  disposal 
justifies  the  conclusion  that  Me.sozoic  Cuttle-fishes  possessed  an  essentially  similar 
organisation  to  that  of  recent  forms. 

[The  rendering  into  English  of  the  original  text  for  the  chapters  on  MoUusca,  exclusive 
only  of  the  Dihranchiates  {GrundziUjc,  pp.  250-4.3.o),  was  performed  by  Dr.  John  C.  Merriam, 
1 rofessor  of  Pa  aeontology  in  the  University  of  Califcrnia.  His  careful  translation  greatly 
facilitated  the  labours  of  Profes.sors  Dali,  Pilsbry,  and  Hj'att  in  their  revision  of  the  several 
groups  accredited  to  them.— Te.vns.] 


Fig.  1200. 

Hcstoratioii  of  Mcg^mnn-a  Monyi  Brongt.  Carboniferous  ; Commeatrv.  V,i  natural  size  (after  Charles 
Brongniart).  See  page  ('.,S4. 


Sub-Kingdom  VII.  ARTHROPOD  A.  (Articulates.) 


Heteronomously  segmented  animals  with,  typically,  a pair  of  appendages  to  each 
somite  of  the  body  ; the  whole  enclosed  in  a chitinous  segmented  exoskeleton,  the  joint- 
ing of  which  extends  to  the  appendages. 

In  the  Arthropoda  the  segments  are  unequally  developed,  and  the 
appendages,  primitively  locomotor  in  function,  may  be  modified  on  one  or 
more  somites  to  subserve  special  functions,  such  as  the  seizure  and  comminu- 
tion of  food,  respiration,  sensation,  copulation,  oviposition,  fixation,  etc. 
These  modifications  of  the  appendages  and  the  more  or  less  complete  vrnion 
of  the  segments  into  groups  may  result  in  the  differentiation  of  three  distinct 
regions  : head,  thorax,  and  abdomen.  Of  these  regions  the  head  is  concerned 
largely  in  sensation  and  feeding,  the  thorax  is  chiefly  locomotor  in  function, 
and  the  abdomen  frequently  defensive. 

The  brain  lies  above  and  in  front  of  the  oesophagus,  and  consists  of  a 
fusion  of  several  pairs  of  ganglia.  The  rest  of  the  central  nervous  system  con- 
sists of  a chain  of  ganglia  lying  in  pairs  on  the  ventral  surface,  with  typically 
a pair  in  each  somite.  Not  infrequently  there  is  a more  or  less  extensive  con- 
centration or  fusion  of  these  ventral  ganglia.  The  eyes  may  be  simple, 
aggregate,  or  compound,  with  in  some  cases  an  inversion  of  the  retinal  layer. 

Respiration  in  the  smaller  forms  is  by  the  general  surface  of  the  body, 
whereas  in  the  larger  certain  regions  become  specialised  for  this  purpose. 
When  respiratory  outgrowths  protrude  from  the  body  wall  they  are  known 
as  gills  or  branchiae ; when  invaginated  they  are  termed  lungs  if  they  be 
lamellar  in  arrangement,  or  tracheae  if  they  consist  of  fine  tubes  ramifying 
through  the  tissues. 

Excretion  is  effected  either  by  “ segmental  organs  ” (true  nephridia) 
which  open  at  the  inner  end  into  the  true  body  cavity  {coelom)  and  at  the 
other  to  the  exterior,  or  by  diverticula  developed  at  the  hinder  end  of  the 
alimentary  canal.  The  nephridia  when  present  occur  in  only  a few  segments 
of  the  body.  The  diverticula  of  the  alimentary  canal  (Malpighian  tubes)  are  of 
two  kinds — one  developed  from  the  mesenteron,  the  other  from  the  procto- 
derm.  In  all  Arthropods  the  ducts  of  the  reproductive  organs  are  appar- 
ently modified  nephridia,  and  the  organs  themselves  consist  of  gonads 
developed  from  the  coelomic  walls.  The  circulation  depends  upon  a dorsal 
heart  enclosed  in  a vascular  pericardial  sac,  and  metameric  blood-vessels 
terminating  in  “ lacunar  ” spaces. 

Arthropods  are  divisible  into  three  groups  or  sub-phyla,  distinguished 
according  to  the  nature  of  the  respiratory  organs,  segmentation  of  the  body. 
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;ind  structure  of  the  apjiendages  as  follows ; — Branchiafa,  Mijriupoila,  and 
Iiisecta.  These  are  in  turn  divided  into  several  classes,  all  of  which  have 
fossil  representatives.  As  to  the  origin  of  the  phylum,  Palaeontology  affords 
no  certain  evidence.  The  entire  organisation  of  Arthropods  indicates  a close 
relationship  with  Vermes,  and  especially  with  the  group  of  Annelid  Worms  ; 
nevertheless,  the  differentiation  of  the  Arthropod  type  must  have  antedated 
the  Cambrian,  since  several  orders  of  Crustacea  are  encountered  in  the  oldest 
fossiliferous  rocks  which  are  almost  as  widely  divergent  from  the  supposed 
ancestral  form  as  many  recent  forms.  The  relatively  late  appearance  of 
Myriopods,  which  are  the  most  wormdike  of  all  Articulates,  may  be  accounted 
for  by  their  terrestrial  habitat  and  destructiljility  of  their  body  parts. 

SUB-PlIYLUM  A.  BuAXCIILVT.V. 

Arthropods  breathing  Inj  means  of  gills  (or  lungs  or  tracheae  modified  from  gills) 
developed  always  in  connection  tvith  the  appendages.  Head  and  thorax  rarely  distinct, 
hut  usually  more  or  less  completely  united  in  a cephalothorax.  The  genital  ducts 
open  to  the  exterior  near  the  middle  of  the  body,  and  true  nephridia  usually  occur. 
Malpighian  tubes,  when  present,  are  derived  f rom  the  mesenteron.  Anterior  appeiul- 
ages  all  multiarticulate,  the  basal  joints  of  one  or  more  pairs  serving  as  organs  of 
mamlucation. 

The  branchiate  Arthropods  include  two  classes  : Crustacea  and  Aceruta. 


Class  1.  CRUSTACEA.! 

Arthropods  of  usually  aquatic  habitat,  and  breathing  by  gills  (exceptionally 
through  the  general  body  surface)  ; with  o)ie  or  two  pmirs  of  appemlages  (antennae)  in 
front  of  the  mouth,  the  first  of  which  is  purely  sensory,  and  several  q^iCrs  of  post-oral 
appemlages,  some  of  which  are  modified  into  organs  of  mastication.  Appemlages  with 
typically  a basal  joint  (protopodite)  giving  rise  to  two  or  three  branches. 

The  segmentation  of  the  body  is  distinct  in  all  except  certain  parasitic 
forms,  where  it  is  lost  in  the  adult  stage  through  degenei’ation.  Usually  the 
demarcation  between  head  and  thorax  is  obscure,  and  the  anterior  region  of 
the  body  consists  of  a ceqyhalothorax,  the  number  of  whose  segments  varies 
within  wide  limits  ; this  being  in  sharp  contrast  to  the  Acerata,  where  the 
segments  ar.e  constantly  six  in  number.  The  cephalothorax  is  frequently 
covered  by  a chitinous  shell  or  carapace,  developed  from  the  dorsal  portion  of 

' Literature  : 

lirongiiiart,  .1..  awl  hemarest,  A.-O.,  Ilistoire  ii.aturelle  de.s  C'ru.stace.s  fo.ssiIes  sous  les  rapports 
zoologiques  et  geologiques.  Paris,  1822. 

Milne-Edwards,  IL.  Ilistoire  iiaturellc  <les  Criistaoe.s.  .3  vols.  Paris,  1834-40. 

Woodward.  II.,  and  Scdler,  J.  II'.,  Catalogue  and  Chart  of  Fossil  Crustacea.  Loudon,  1865. 
H'oodioard,  II.,  A Catalogue  of  British  Fos.sil  Crustacea.  Loudon,  1877. 

(derstaecker,  ^1.,  Crustacea,  in  vol.  V.  of  Bronu’s  Classen  und  Orduungeu  des  Thierreichs.  Part  1 
(Cirripedia,  Copepoda,  Branch iopo<la,  Poecilopod.a,  Trilobita),  Leipsic,  1866-79  ; Part  2 
(Isopoda  to  Decapoda),  1881-94. 

Vor/dcs,  -4.  IF.,  A Catalogue  of  North  American  Pahaeozoic  Crustacea  confined  to  the  non-trilobitic 
Genera  and  Species  (Ann.  X.Y.  Acad.  Sci.,  vol.  V.),  1889. 

Grobben,  A'.,  Genealogy  and  Cla.ssitication  of  the  Crustacea  (Sitzung.sber.  Akad.  Wissensch.  Wien 
Bd.  CL,  Heft  2),  1892.  Translated  in  Ann.  and  Mag.  Nat.  Hist.  [6],  vol.  XL  pp.  440-473. 
Kingsleij,  J.  S.,  The  Classification  of  the  Arthropoda  (Ainer.  Nat.,  vol.  XXVlll.  pp.  118,  220) 
189  4.  Reprinted  in  Tufts  College  Studies,  No.  1,  1894,  with  copious  bildiography. 
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the  second  and  third  segments,  and  is  frequently  strengthened  by  deposits  of 
carbonate  and  phosphate  of  lime.  Although  the  carapace  is  usually  a single 
piece,  yet  in  some  forms  (Estheriiform  Phyllopods  and  Ostracods)  it  may 
consist  of  two  lateral  valves,  which  enclose  the  body  like  a Pelecypod  shell ; 
or  of  four  parts,  as  in  certain  Plujllocarkla ; or  again  {Cirripedia)  of  a number 
of  calcareous  plates.  The  abdomen  is  usually  well  developed  and  its  seg- 
ments are  free,  but  occasionally  it  becomes  greatly  reduced,  as  in  certain 
Entomostraca. 

The  total  number  of  body  somites  varies  within  wide  limits  in  the 
Entomostraca  and  Trilobites,  but  in  the  Malacostraca  they  are  almost  constantly 
twenty-one,  ranging  slightly  higher  in  the  FIn/Uocarida,  and  falling  shorter  in 
the  parasitic  Laemodipoda. 

In  all  living  Crustacea  there  are  two  pairs  of  antennae,  although  in  some 
forms  {Apus,  Oniscids)  one  or  the  other  pair  may  become  greatly  reduced. 
In  the  Trilobites,  on  the  other  hand,  but  a single  pair  has  been  discovered. 
The  appendages  are  exceedingly  variable  in  form,  according  as  they  serve 
for  sensation,  comminution  of  food  (“mouth  parts”),  locomotion,  respiration, 
capture  of  prey,  or  copulation.  The  primitive  form  was  a lamellar  aj^pendage 
like  those  found  in  the  thoracic  region  of  Phyllopods,  but  the  typical  foot  is 
usually  stated  to  consist  of  a basal  portion  (protopodite)  of  one  or  two  joints, 
and  a distal  portion  made  up  of  an  inner  (endopodite)  and  a lateral  branch 
{exopodite).  In  many  cases  the  exopodite  becomes  greatly  modified  or  even 
entirely  atrophied  in  the  adult. 

Most  of  the  lower  Crustacea  escape  from  the  egg  in  a larval  condition 
known  as  the  nauplius  stage.  In  the  nauplius  the  body  is  unsegmented,  there 
is  but  a single  median  eye,  and  but  three  pairs  of  appendages,  correspond- 
ing to  the  two  pairs  of  antennae  and  mandibles  of  the  adult.  The  nauplius 
gradually  becomes  metamorphosed  into  the  adult  Crustacean,  the  changes  being 
accomplished  by  several  moults  of  the  external  chitinous  crust.  In  the  higher 
Crustacea  this  free-swimming  nauplius  stage  is  omitted,  the  animal  already 
having  the  form  of  the  adult  as  it  escapes  from  the  egg.  The  Decapods  have 
a larval  stage  known  as  the  zoea,  in  which  seven  pairs  of  appendages  and  a 
segmented  abdomen  are  present.  These  larval  stages  are  of  great  value  in 
determining  relationships,  but  most  modern  authorities  regard  them  as  adaptive 
rather  than  ancestral ; or,  in  other  words,  it  is  not  believed  that  existing 
Crustacea  are  descended  from  an  ancestral  form  resembling  the  nauplius. 

Two  sub-classes  are  recognised  : — TriJohita  and  Eucrustacea.  The  term 
Entomostraca  is  here  used  in  a collective  sense  to  distinguish  the  lower  orders 
of  Eucrustacea  from  the  highest,  or  Malacostraca. 

Sub-Class  1.  TRILOBITA.  Trilobites.' 

Marine  Crustacea,  with  a variable  number  of  metameres ; body  covered  with  a 
hard  dorsal  shield  or  crust,  longitudinally  trilobate  from  the  defined  axis  and  pleura; 

^ Literature  : A.  General  Works. 

BroDgniari.  A.,  Histoire  uaturelle  des  Crustaces  fossiles.  1882. — iJalman,  J.  U’.,  Ueber  die 
Palaeaden  Oder  die  sogeiiaimten  Tiilobiten.  1828. — Green,  J.,  Monograph  of  the  Trilobites  of 
North  America,  with  Coloured  Models  of  the  Species.  1832. — Burmeistei;  II.,  Die  Organisation 
der  Trdobiten.  1813. — Beyrich,  E.,  Ueber  einige  bohmische  Trilobiten.  Berlin,  1845-16. — Corcla, 
J.  C.,  and  Haide,  J.,  Prodrom  einer  Monographie  der  bdhniischen  Trilobiten.  Prag.  1817. — Hall, 
J.,  Palaeontology  of  New  York,  vols.  I. -111.  1817-59. — Barrande,  J.,  Systeme  Silurieu  du 
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cephalon,  thorax,  and  abdomen  distinct.  Cephalon  covered  with  a shield  composed  of 
a primitively  pientamerous  middle  piece,  the  cranidium,  and  two  side  pieces,  or  free 
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cheeks,  ichich-  maij  he  separufe  or  united  in  front,  and  carry  the  cuinpound  sessile 
eyes  when  present;  cephalic  aptpendayes  pedif arm,  consisting  of  fire  pairs  of  liwhs, 
all  hiramous,  and  functioning  us  umhulutory  and  oral  organs,  except  the  simple 
antemmles,  tvhich  are  purelji  sensory.  Upper  lip  forming  a well-developed  hypostoma  ; 
■under  lip  present.  Somites  of  the  thorax  movahle  upon  one  another,  varying  in 
number  from  two  to  twerdy-nine.  Abdominal  segments  variable  in  number,  and  fused 
to  form  a caudal  shield.  All  segments,  thoracic  and  abdominal,  carry  a pair  of 
jointed  bimmous  limbs.  All  limbs  heave  their  coxal  elements  forming  gnathobases, 
which  become  organs  of  manducation  on  the  head.  Itespiration  integumented  and  by 
branchiid  fringes  on  the  exopod ites.  Development  'proceeding  from  a,  protona  upilius 
form,  the  2)n>taspis,  by  the  progressive  addition  of  segments  at  successive  moults. 

The  Trilobites  constitute  ;i  group  of  extinct  marine  animals,  and  are 
related  to  the  stock  of  the  higher  modern  Crustacea  ; they  are  therefore  to  lie 
considered  as  very  primitive  Crustaceans.  The  sub-class  had  its  origin  in  pre- 
Cambrian  times.  Trilobite  remains  are  very  abundant  in  the  oldest  known 
fossiliferous  strata,  the  Cambrian,  where  they  exceed  in  numlier  and  diversity 
all  other  forms  of  animal  life.  They  continue  to  be  very  plentiful  in  the 
Ordovician  and  Silurian,  but  decline  in  the  Devonian,  and  the  few  last  sur- 
vivors are  found  in  the  Carboniferous  and  Permian.  Probably  there  have 
been  more  than  two  thousand  species  described,  distributed  among  nearly  two 
hundred  genera.  These  numbers  give  an  idea  of  the  amount  of  differentiation 
and  specialisation  attained  by  Trilobites  during  Palaeozoic  times. 

Carapace. — Trilobites  were  covered  or  protected  on  the  dorsal  side  liy  a 
hard  crust  or  shield,  which  is  the  only  portion  commonly  preserved.  Their 
I'emains  are  therefore  readil}'  recognisable  by  the  form  and  structure  of  this 
shield.  It  is  divided  longitudinallj-  by  two  dorsal  furrows,  or  grooves,  into 
three  portions  or  regions,  and  on  this  account  the  name  Trilobite  was  first 
given.  The  central  part  forms  the  axis  of  the  animal,  and  contained  the 
principal  organs,  as  the  viscera,  heart,  and  chain  of  ganglia.  Transversely  the 
shield  is  divided  into  («)  a head  portion  called  the  cephalon  ; {b)  a series  of 
joints  or  segments,  forming  the  thora.x ; and  (c)  a tail-piece  or  pygidium, 
forming  the  abdomen. 

The  test  seldom  exceeds  one  millimetre  in  thickness,  and  consists  of  thin 
laminae  of  carbonaceous  and  phosphatic  compounds  of  calcium,  some  of  which 
were  originally  chitinous  substances.  The  laminae  are  frequently  traversed 
by  minute  pores,  which  give  a punctate  appearance  to  the  test,  and  are  some- 
times large,  as  in  Eomalonot us  and  related  forms. 

The  carapace  is  somewhat  arched  or  convex,  generally  elongate-oval  in 
form,  and  rounded  at  both  ends.  The  length  is  almost  invariably  greater 
than  the  rvidth.  Very  often  the  same  species  shows  a broad  form,  as  well 
as  a relatively  larger,  narrower  one.  The  former  was  considered  liy 
Barrande  as  representing  the  female,  and  the  latter  the  male  individual.  The 
carapace  is  often  ornamented  with  sihnes,  teeth,  and  knobs.  These  may  be  of 
the  nature  of  surface  ornaments,  or  in  the  case  of  spines,  may  be  prodticed  l)v 
growths  from  the  genal  angles,  the  ends  of  the  segments  of  the  thorax  and 
pygidium,  or  the  spiniform  extension  of  the  pygidial  termination. 

The  carapace  does  not  often  terminate  at  the  margin  as  a simple  lamellar 
plate,  but  is  turned  under,  and  forms  a retiexed  margin,  or  doublure,  which  is 
parallel  to  the  outer  edge,  but  is  separated  from  the  upper  surface  by  a narrow, 
partially  included  space.  This  produces  the  hollow  spines  from  the  ends  of 
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;enal 


angles, 


and  the  pygidiimi.  In  rare  instances,  the 


the  segments,  the 
spines  are  solid. 

The  axis,  or  middle 
extending  the  whole  len^^ 
cephalon  and  pygidinm. 

The  pleura  are  the  two  lateral  areas  on  each  side  of  the  axis. 


part,  is  defined  by  two 

th  of  the  thorax,  and  also  over  more  or  less  of  the 


ongitndinal  dorsal  furrows 


are 


idenral  cephalic,  thoracic,  and  pygidial 


Thus,  there 


regions. 


The  name  pleuron  or 


pleura  is  especially  applied  to  the  extensions  from  the  axial  portion  of  each 


free  segment. 


The  Cephalon.— The  cephalon,  or  cephalic  shield  (Fig.  12G1)  includes  all 
that  part  of  the  carapace  in  front  of  the  thorax.  It  comprises  the  hypostoma, 

epistoma,  the  free  cheeks 


//;  Kroulal  lolip : 

i-i,  Sifle  furrows  of  glabel  la  * N **ck 
furrow;  (t,  Xeck  ring;  Facial 

suture  ; or,  Visual  surface  of  the  eyes; 
}>,  Palpebnil  lol)c. 


bearing 

the  eyes,  the  fixed  cheeks,  and  the 
glabella  ; it  is  generally  semicircular 
in  form,  and  is  joined  along  its 
posterior  margin  to  the  thorax. 
The  posterodateral  margins,  or  genal 
angles,  are  freijnently  draMui  out 
into  sihnes.  Usually  there  is  an 
occipital  furrow  extending  across 
the  cephalon  parallel  to  the  jiosterior 
margin,  and  defining  the  occipital 
ring  or  segment. 

The  (jluhella  is  the  axial  portion 
of  the  cephalon,  and  is  defined  by 
the  })rimary  doi'sal  furrows  (Fig. 
1261).  It  shows  typically  three 
oblique  or  transverse  furrows  in 
addition  to  the  occipital  ring,  mark- 
ing the  limits  of  the  original  five  consolidated  segments,  and  corresponding  to 
the  paired  appendages  of  the  ventral  side.  Sometimes  the  jiositions  of  the 
muscnlar  fulcra  are  also  indicated  on  the  dorsal  surface,  by  short  furrows,  or 
by  shallow  ])its.  The  glabella  may  constitute  nearly  the  whole  of  the  cephalon, 
as  in  J)eij)hon  or  .leiiUiia,  or  it  may  be  narrow,  as  in  llarpes,  and  Tnn/care.  In 
some  cases  it  does  not  extend  over  half  the  length  of  the  cephalon,  as  in  llarpes 
and  Areth iisina,  Imt  it  may  extend  to  the  frontal  border,  as  in  Tlaeoparm  or 
Cah/aunenel  or  even  beyond,  as  in  Thacops,  .Imji/ix,  and  ConoUehas.  The  entire 
portion  of  the  glabella  which  lies  in  front  of  the  anterior  lateral  furrows,  and 
which  is  often  somewhat  enlarged  laterally,  is  called  the  frontal  lobe.  At 
times  the  limitation  between  the  glabella  and  fixed  cheeks  is  scarcely  defined, 
as  ill  Jllaniiis  and  JHpleiira.  IMosf  frequently,  however,  three  pairs  of  grooves 
can  be  distinguished  in  front  of  the  neck  furrow,  marking  the  pentamerous 
division  of  the  glabella  and  the  five  pairs  of  appendages  attached  to  the 
cephalon.  Sometimes  the  lateral  furrows  are  continuous  across  the  glabella, 
or  again,  they  may  be  directed  oblicpiely  (Triarihrus),  or  even  form  longi- 
tudinal grooves  {ConoUehas). 

The  hi/postoina,  or  labrnm,  is  homologous  to  the  upper  lip  of  other 
Crustaceans,  and  consists  of  a separate  plate  attached  by  an  articulating 
surface  or  line  to  the  refiexed  border  of  the  cephalic  shield  (Figs.  1262, 
1265,  IJ). 
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to  which  they  are 
They  may  occupy 


111  front  of  the  hypostoma  is  a rostral  area  sometimes  partly  occupied  by 
a separate  plate. 

The  fixed  cheeks  are  lateral  extensions  from  the  glabella, 
firmly  joined,  forming  the  central  portion  of  the  cephalon. 
more  than  two-thirds  of  the  cephalon,  as 
in  Comcoryplie,  or  become  greatly  reduced, 
as  in  Asaphus,  Lichas,  and  Proetus.  The 
e.ranidium  consists  of  the  glabella  and  the 
fixed  cheeks. 

The  free  cheeks  carry  the  compound 
eyes,  and  are  separated  from  the  cranidium 
by  a suture.  They  may  form  (a)  a con- 
tinuous ventral  plate,  as  in  Uarpes, 

Ag'iiostus,  Trinucleus,  etc. ; they  may  in- 
clude (b)  a greater  or  lesser  portion  of 
the  dorsal  surface,  being  either  entirely  separated  by  the  cranidium,  or 
(c)  meeting  and  (d)  sometimes  coalescing  in  front.  They  are  widely  separated 
in  Ptychoparia,  in  juxtaposition  in  Asaphus,  and  continuous  in  Dahnanites. 

The  genal  angles  are  the  posterior  lateral  angles  of  the  cephalon.  They 
may  be  rounded,  as  in  Illaemis,  angular,  as  in  Bronteus,  or  sjjiniform,  as  in 


Hypostomas. 


Fig.  1*20*2. 

, JAclw.s  {Arges)  iio.hiu'ta.  B,  Cy 
Eiicrhiurus  intercostatns,  side  and  front  views 
(after  Novak).  BB,  Anterior  edge ; iU,  Middle 
lurrow  ; E,  Posterior  furrow  of  the  middle  i>or- 
tion  ; P,  Posterior  edge  ; L,  Lateral  edge  ; y,  Pos- 
terior wing. 


clS 

as 


111 


Triimdeus  and  Dahnanites.  They  belong  either  to  the  fixed  cheeks, 
iJalmanites,  or  to  the  free  cheeks,  as  in  Illaenus,  Bronteus,  and  Proetus. 

The  character  of  the  cheeks  is  especially  influenced  by  the  facial 
sutures  separating  the  free  cheeks  from  the  rest  of  the  cephalon.  They 
appear  as  sharply  defined  lines  beginning  either  at  the  posterior  margin,  or 
near  the  genal  angles,  or  on  the  lateral  margins,  and  extend  to  the  eyes, 
thence  around  the  inner  margin  of  the  visual  areas,  then  turn  anteriorly,  and 
either  unite  in  passing  around  the  front  of  the  glabella  or  remain  separate,  in 
which  case  the  sutures  terminate  in  the  anterior  margin.  The  position  of  the 
facial  sutures  thus  determines  the  relative  size  of  the  fixed  and  free  cheeks, 
After  the  death  of  the  animal,  or  after  moulting,  the  cephalic  shield  frequently 
fell  into  pieces,  dividing  along  these  sutures. 

In  most  Trilobites,  the  existence  of  eyes  has  been  demonstrated,  though 
they  appear  absent  altogether  in  some  genera  (Conocori/phe,  Agnostus),  and  are 
so  imperfectly  shown  in  others  that  for  a long  time  they  remained  unrecognised 
{Agraulus,  Sao,  Ellipsocephalus,  etc.).  The  eyes  are  .compound,  and  are  elevated 
above  the  free  cheeks.  The  adjoining  area  of  the  fixed  cheeks  is  also  drawn 
upwards,  thus  forming  the  jmlpebral  lobe.  The  visual  areas  of  the  eyes  are 
borne  by  the  free  cheeks.  The  sha}>e  of  this  area  is  extremely  variable,  but 
together  with  the  palpebral  lobe  it  generally  forms  a truncated,  conical,  or 
semilunar  elevation,  of  which  the  laterally  directed,  convex  side  is  occupied 
by  the  visual  area  (Phacops,  Asaphus).  It  may  likewise  have  a circular  or  oval 
form,  and  very  little  convexity  above  the  general  surface.  The  eyes  may  be 
quite  small,  as  in  Encrinurus  and  'Prime rocephalus ; large  and  prominent,  as  in 
Phacops,  Dahnanites,  and  Proetus  ; or  very  large,  as  in  Aeglina,  in  some  species 
of  which  nearly  the  entire  area  of  the  free  cheeks  is  faceted,  and  the  visual 
surface  extends  around  the  entire  outer  borders  of  the  cephalon.  In  many  of 
the  primitive  genera  the  eyes  are  situated  at  the  distal  ends  of  raised  lines,  or 
eije  lines,  extending  outward  from  near  the  forward  end  of  the  glabella. 

As  regards  their  structure,  the  compound  eyes  of  Trilobites  are  recognised 
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as  of  two  kinds.  In  the  fir.st,  the  liolorjinxil,  the  visual  area  is  covered  with  a 
continuous  liorny  integument,- or  cornea,  which  is  either  smootli  and  externallv 
gives  no  idea  of  its  compound  nature,  or  granular,  on  account  of  the  facets 
beneath.  The  lenses  of  the  ommatidia  are  often  visilile  bv  translucence.  The 
second  type  of  structure,  the  schizochroul,  is  confined  to  the  single  family 
rhiiropidai’.  In  this,  the  visual  area  is  made  up  of  small,  I'ound,  or  polvgoual 
ojienings  for  the  separate  facets  of  the  cornea,  between  which  is  an  interstitial 
test  or  sclera.  The  size  of  the  facets  varies  from  more  tlian  0‘5  mm.  in  some 
of  the  1‘hacfjpidae,  to  fiom  G-14  in  the  width  of  1 mm.  in  other  Trilobites. 
Tlie  numlier  and  anangement  of  the  facets  also  vary  greatly  according  to  the 
genus.  Triiiu'tvcepli(ili(s  J^olhor/hi  shows  only  14  facets,  while  species  of  J’liacops 
may  possess  from  200-300,  and  Dahnaaites  Jlaiisinaiiid  has  600.  Among  the 
holochroal  eyes,  the  uumbei'  of  facets  is  much  greater;  iu  Bronteus  palifer  it  is 
estimated  at  4000,  iu  Asuphus  nohilis,  and  in  Be  maple  ur  ides  radians  as  high  as 
15,000.  Usually  the  facets  are  arranged  in  regular,  alternating,  vertical  rows, 
or  (piincunciallv. 

Certain  genera  show  visual  organs  of  an  entirely  difl’erent  tyjie,  udiich  can 
be  best  regarded  as  simple  eyes,  and  correlated  with  the  ocelli  of  man}'  Crus- 
taceans. Thus,  the  genus  llarpes,  and  some  species  of  Trinurleas  present  from 
one  to  three  simjile  elevations  or  granules  ou  the  fi.xed  cheeks,  at  the  ends  of 
eye-lines,  while  the  ordinary  compound  eyes  on  the  free  cheeks  are  absent. 

The  Thorax. — In  contrast  to  the  undivided  cranidium,  the  thorax  consists 
of  a series  of  short,  transverse,  articulating  segments,  which  vary  in  number 
with  the  genus.  Every  thoracic  segment  is  divided  liy  the  dorsal  furrows 
into  a middle  portion  {axis,  ien/nm)  and  two  lateral  divisions  (pleura,  epimera). 
The  axial  portions  are  firmly  anuhylosed  with  the  jileura,  and  are  generally 
strongly  convex,  with  the  ])osterior  margin  incurved.  Anteriorly  they  bear 
an  extension  lielow  the  general  surface,  and  separated  liy  a furrow.  This 
forms  a surface  of  articidation  along  which  the  segments  arc  movable,  and  is 
covered  liy  the  edge  of  the  segment  immediately  in  front,  so  that  it  is  chiefiy 
visible  in  coiled  or  disarticulated  s])ecimens.  Ilarrande  distinguished  two 
tyjies  of  pleura:  (a)  furrowed  pleura  (pliare  a sildm),  which  have  a diagonal 
furrow  on  the  upper  surface,  running  posteriorly  from  the  anterior  edge  near 
the  axis,  and  towards  the  free  extremity;  and  (h)  I'idged  jdeura  (jAevre  a- 
hounrlet),  having  a longitudinal  ridge  or  narrow  fold.  These  characters  vary 
considerably,  and  are  sometimes  obscure.  In  a small  numlier  of  genera 
([llaenus,  Xilriis)  the  pleura  are  jierfcctly  smooth. 

All  pleura  show  a distal  or  lateral,  and  a jiroximal  or  inner  jiortion.  The 
latter  extends  from  the  axis  to  the  fnlcnim  or  liend,  i.e.  to  a jilace  where  the 
])leura  bend  more  or  less  abruptly  downward,  and  also  generally  toward  the 
I’o.ar.  The  distal  iiortion,  beginning  at  the  fulcrum,  may  continue  of  equal 
thickness  and  lie  rounded  or  obtuse  at  the  extremity,  or  it  may  decrease  in 
size  and  terminate  in  a sjiine. 

The  nnmlier  of  thoracic  segments  varies  exceedingly  among  dirt'erent 
genera.  The  smallest  number  (2)  occurs  in  ^Irfitoslus.  The  largest  number 
so  far  oliserved  (29)  is  found  in  some  species  of  Harpes.  A variation  is  to  be 
noted  even  among  the  sjiecies  of  a single  genus,  hence  this  character  is  not  of 
general  ajiplication  for  purposes  of  classification.  For  example,  there  are 
species  of  Ampijx  and  Aerjlina  with  five  to  six  thoracic  segments,  Bhillipsia  with 
nine  to  fifteen,  Cheirurus  with  ten  to  twelve,  Cyphuspis  with  ten  to  seventeen. 
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Ellvpsocephalus  with  ten  to  fourteen,  and  Paradoxides  with  sixteen  to  twenty. 
In  general,  there  seems  to  be  a sort  of  mutual  relationship  between  the  number 
of  thoracic  segments  and  the  size  of  the  pygidium.  When  the  latter  is  large, 
the  thoracic  segments  are  usually  few  ; but  if  small,  the  number  of  segments 
is  large. 

The  Pyrjidium. — The  abdomen  of  Trilobites  is  commonly  known  as  the 
pygidium  (Fig.  1263),  though  sometimes  styled  the  caudal  shield  or  plate.  It 
consists  of  a single  j^iece,  with  an  arched  upper  surface,  upon  which  may  Ije 
distinguished  regularly  a median  axis  and  two  lateral  parts,  or  pleural  limbs, 
marked  more  or  less  distinctly  by  transverse  furrows.  Sometimes  it  bears 
considerable  resemblance  to  the  cephalic  shield  (Agiwsfus,  Jlicrodiscus).  The 


pygidium  evidently  originated  from  the  anchylosis  of  a number  of  similar 
segments.  The  potential  segmentation  is  often  so  strongly  marked  that  it  is 
very  difficult  to  recognise  the  dividing  line  between  the  thorax  and  pygidium, 
excej^t  in  disarticulated  specimens.  Sometimes  the  evidences  of  segmentation 
disappear  entirely  or  are  l)ut  faintly  indicated  on  the  lower  side.  When 
segmentation  along  the  axial  and  lateral  lobes  is  weak,  the  pygidium  varies 
considerably  in  appearance  from  the  thorax. 

The  axis  may  extend  as  far  as  the  posterior  end  of  the  pygidium,  or  to 
any  part  of  the  length,  but  is  sometimes  reduced  to  a short  rudiment  {Bivnfeus, 
Fig.  1264),  or  it  may  be  even  entirely  obscured  (Nileus).  The  number  of 
axial  segments  normally  corresponds  to  the  number  of  pygidial,  and  varies 
between  two  and  twenty-eight.  On  the  lateral  lobes,  all  or  at  least  a part  of 
the  pleura  may  also  be  seen,  being  continued  from  the  axis  as  ribs  separated 
by  furrows.  In  these  cases,  the  furrowed  and  the  ribbed  pleura  can  usually  be 
distinguished,  but  not  infrequently  they  have  entirely  disappeared  as  surface 
features.  Many  of  the  Cambrian  Trilobites  are  conspicuous  for  their  small 
pygidium  and  elongated  thorax. 

The  outline  of  the  pygidium  is  most  frequently  semicircular,  parabolic,  or 
elliptical ; more  rarely  it  is  triangular  or  trapezoidal.  The  margin  is  entire, 
less  commonly  dentate  or  sj^iny.  The  border,  as  in  the  case  of  the  cej)halon 
and  the  pleura  of  the  segments,  has  a rehexed  margin,  or  doublure,  which  in 
some  genera  attains  considerable  width. 

The  J eniral  Side. — The  ventral  side  of  Trilobites  is  commonly  inaccessible 
for  purposes  of  observation,  since,  as  a rule,  it  is  so  firmly  attached  to  the 


Fig.  12G3. 

Pygidium  of  0(j)j(jia  Bachi,  Brongt.  Ordovician, 


Fig.  ]’2(54. 

Pygidium  of  Broiifcus  innhelUfir,  Beyr. 
Dcvoniau;  Bohemia. 


Wales. 
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rock  that  the  organs,  even  though  present,  cannot  lie  exposed  by  tlie  ordinary 
methods,  h urthernioi  e,  tlie  appendages  and  ventral  structures  are  so  tliin 
and  delicate  that  the  most  favouralile  conditions  are  necessary  for  their  pre- 
servation. I'or  thi.s  reason,  great  uncertainty  has  prevailed  regarding  the 
jiresence  and  character  of  the  legs  and  various  ajipendages.  After  a careful 
preparation  of  their  inferior  side,  liy  far  the  larger  nniuber  of  I'rilobites  show 
only  the  ^acant  hollow  space  lieneath  the  dorsal  shell,  and  the  hyjiostoma 
€attached  to  the  rehexed  margin  of  the  cephalic  shield,  as  represented  in  Fig. 
12Gf).  This  common  condition  of  the  fo.ssils  led  Burmeister,  in  1843,  to  the 
I assumption  that  all  organs  on  the  lower 


legs. 

1870 


Kir;,  I-JtM. 

Asojihifs  ([.iufiliis)  ginna,  De  Kay. 
()ivl<jvician ; Ottawa,  ('anada.  j, 
NiMitral  sidf,  .showin«x  mnaiiis  of' 
n-ft  (af't<T  y;,  llypo- 

stonia  willi  aiitfijnii  or  ]to<lirorm 
opphalic  apiuMidaL:**  (after  Woodward). 


SKle,  as  in  1 hyllopods,  were  originally  soft 
and  fleshy.  Previous  to  this,  however, 
Linnaeus,  in  17.59,  descrilied  udiat 
a}>peared  to  lie  antennae,  and  Eichwald, 
in  182.5,  announced  both  antennae  and 
Altogether  the  early  literature  down  to 
contains  (piitc  a number  of  claimants  for 
this  discovery.  INIost  of  the  evidence  is  manifestly 
erroneous,  and  the  two  or  three  cases  which  liear 
some  semblance  of  validity  are  too  obscure  to  be 
of  any  scientific  value. 

Billings,  in  1870,  ])ublished  the  description 
and  figure  of  an  unusually  well-preserved  ylsaphus 
(Isoteliis)  !/i;i((s  from  the  Trenton  limestone  of 
Ottawa,  Canada.  The  ventral  side  of  the  specimen 
showed  eight  pairs  of  jointed  feet  on  each  side  of 
a median  furrow  (Fig.  12G.5,  ,/).  Soon  after, 
Woodward  described  an  antenna  or  pediform 
cephalic  apiiendagc,  lying  beside  the  hypostoma 
of  another  individual  of  the  same  species  (Fig. 
12G.5,  ]1).  'I'lirough  the  investigations  of  Walcott 
(187.5-94)  on  Centimts  and  Cali/rnmene,  by  means  of 
ti'ansvcrse  and  longitudinal  sections  of  enrolled 
sjiecimens,  a numlicr  of  jirolilems  have  been  settled 


as  to  the  characters  of  the  ventral  side.  Accord- 
ing to  these  investigations,  Trilobitcs  possessed  a thin,  external,  ventral 
memlirane  attached  to  the  reflexed  margin  of  the  ccphalon,  the  thoracic 
segments,  and  pygidium.  It 


was  supported  l»y  transverse 
processes  which  became  cal- 
careous with  age,  and  to  these 
the  feet  were  attached. 

'I’lie  intestinal  canal,  dis- 
covei'cd  liy  Be\’iich  and 
^ olliorth,  is  located  beneath 
the  axial  lobe,  within  the  visceral  cavity.  It 

alcott  found  at  the  posterior  margin  of  the  h3’])ostoma,  first  bends  forward 
towaril  the  dor.sal  region,  and  then  extends  backward  from  the  glabella  to 
the  ])osterior  end  of  the  pygidium,  and  parallel  to  the  dorsal  test,  terminating 
in  the  anal  opening  (Fig.  12G6). 


lirane  ; 


Intosliiial  canal  : 


Mciliaii  vertical  section  of  ('irnnrus  jileiiremuthcmvs,  Green. 
c,  (.'fplialon  with  hypostoma  below  ; m,  Moutli ; r,  Ventral  mom- 
pj/,  Pygidium  (after  Walcott). 


legins  at  the  mouth,  which 
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Most  of  the  recent  advances  in  the  knowledge  of  Trilobite  structure  have 
come  from  the  study  of  numerous  very  perfectly  preserved  specimens  of 
Triarfhrus  Bedci,  Green,  from  the  Utica  Slate  (Ordovician),  near  Rome,  Xew 
Yoi’k.  Undoubted  antennae  in  this  form  were  discovered  by  Valiant,  and  first 
announced  by  Matthew  in  1893.  Subsec[uently  a series  of  j^f^pers  was 
published  by  Beecher  on  the  detailed  structure  of  this  Trilobite,  which  is  now 


TriartJinis  Bccli,  Green.  L'tica  Slate  (Ordovician);  Rome,  Xew  York.  A,  Dorsal,  and  B,  Ventral  aspect, 
2,'i  (after  Beecher). 

the  best  known  of  any  species,  and  necessarily  forms  the  basis  of  much  of  the 
following  summary  of  ventral  organs. 

In  the  median  line  anteriorly,  there  is  first  the  hypostoma  or  upper  lip,  at 
the  end  of  which,  and  opening  obliquely  backward,  is  the  mouth  (Walcott,  in 
Cahjmmene).  In  Triarthrus  the  lower  lip,  or  metastoma,  is  a convex  arcuate 
plate,  just  posterior  to  the  extremitj’  of  the  hypostoma.  At  the  angles  on 
either  side  are  two  small  elevations,  or  lappets. 

Faired  Appendages. — All  segments  of  the  cranidium,  thorax,  and  pygidium, 
except  the  anal  segment,  carry  paired  appendages,  which  are  all  biramoiis  save  the 
anterior  pair.  The  anterior  antennae,  or  antennules,  are  attached  at  the  sides 
of  the  hypostoma,  and  consist  of  a simple,  many -jointed  flagellum  (Fig.  1267). 
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i lie  norma]  Triloliite  le<f  has  two  branches  arising  from  a basal  joint,  or 
co.i'iipodife,  which  is  prolonged  into  a <in<ithohasc.  The  inner  branch,  or  ettdo- 
jKiilife,  has  normally  six  joints.  The  outer  branch,  or  e.wpO(liie,  has  a long 
proximal  joint,  with  a distal  multiarticnlate  portion.  Long  setae  extend 
posteriorly,  and  on  the  distal  jiortion  they  are  so  crowded  as  to  make  a con- 
spicuous fringe,  imparting  a characteristic  appearance  to  the  leg. 

TSesides  the  antennules,  the  cephalon  bears  four  pairs  of  pediform  biramous 
appendages,  with  large  gnathobases  functioning  as  manducatory  organs.  Of 


a. 


I'li:.  l-.’DS. 

i ri(t rthrns  }k<'lci,  (Irecn.  lU'stoivd  tlioracit*  linil)s  in  transverse 
section  of  tlie  juiimal ; Seetiem  across  anterior  portion  of  i»velrliuni  ; 
Section  across  pfysterior  portion  of  py^^iclinni  (after  Heecber).  * 


Fio.  1209. 

Trio  rthrus  Ilccki,  (Jreon. 
Dorsal  view  of  second  tlioracic 
witli  and  without  setae  and 
witliout  gnatliohase.  cn,  Endo* 
podite  ; r.r,  Exopodite  (after 
Beecher). 


these  the  first  may  be  correlated  with  the  jiosterior  antennae  of  higher  Crustacea. 
In  structure  and  function  they  are  true  mouth  appendages,  like  the  second 

-I  1! 


Fm:.  I'.'rii. 

J rni 'irfnis  ronrfutrim.t,  Platon.  Utica  Slate  (Ordovician) ; Uonie,  New  York.  .1,  Lcl'l  half  of  pygidiuni 
ainl  thrcf  thoracic  se;^'ments,  with  test  removed,  and  slunving  fringes  of  tlie  exopodites.  7/.  ^■entraI  aspect  of 
same.  o.  Emlopixlite  ; h.  Exopodite.  j jp.,. 


pail-  of  naiiplius  limbs.  The  second  pair,  corresiionding  to  the  mandibles  of 
higher  forms,  and  the  third  and  fourth,  corresiionding  to  maxillae,  have  the 
same  structure  as  the  first,  with  large  gnathobases  and  fringed  exopodites. 
The  thoracic  and  abdominal  limbs  are  of  the  .same  biramous  tyjie.  The  endo- 
podites  are  jointed,  crawling  legs;  posteriorly,  especially  on  the  jiygidium. 


i 

i 
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the  joints  become  Hattened  and  leaf-like,  carrying  tufts  of  setae,  and  being 
adapted  for  SAvimming. 

The  exopodites  are  fringed  along  their  posterior  edges  Avith  narroAA', 
oblique  lamellar  elements  becoming  filiform  at  the  ends,  thus  converting  the 
limb  into  a sAAumming  organ,  and  also  serving  respiratory  functions  (Figs. 
1267,  1270). 

Habits. — In  the  absence  of  any  closely  allied  recent  forms,  it  is  difficult  to 
reach  definite  conclusions  respecting  the  manner  of  life  of  Trilobites,  except 
such  as  are  based  upon  their  organisation  and  mode  of  occurrence.  They  Avere 
undoubted  marine  animals,  since  their  remains  are  found  only  in  salt-Avater 
deposits,  associated  Avith  Brachiopods,  Cephalopods,  Crinoids,  and  other  typical 
oceanic  forms.  Some  species  are  plentiful  in  calcareous  or  argillo-calcareous 
deposits,  Avith  thick-shelled  Brachiopods,  Gastropods,  and  reef-building  Corals, 
Avhich  evidently  did  not  live  at  anj^  considerable  depth.  Other  forms  appear 
to  have  been  bottom  craAvlers,  frequenting  either  muddy  or  sandy  bottoms  ; 
and  again,  others  like  Trinucleus,  lived  partly  buried  in  the  soft  mud.  On  the 
other  hand,  many  species  indicate,  from  the  absence  of  visual  organs,  a com- 
paratively deep-Avater  habitat.  The  structure  of  the  appendages  of  many  Avas 
probably  such  as  to  permit  of  both  SAvimming  and  craAvling,  as  in  a number  of 
families  of  modern  Crustacea,  and  they  Avere  therefore  restricted  neither  to  the 
shore  nor  to  the  bottom.  This  doubtless  explains  the  occurrence  of  the  same 
species  in  very  difierent  sediments. 

Power  of  Enrolment. — The  bodies  of  most  Trilobites  Avere  capable  of  being 
rolled  up  completely  like  many  of  the  Isopods  (Fig.  1271).  In  the  enrolled 
condition  the  margin  of  the  pygidium  is  closely  applied 
to  the  doublure  of  the  cephalon,  thus  entirely  concealing 
the  ventral  side  of  the  body.  The  thoracic  segments 
overlap,  and  admit  of  more  or  less  motion  upon  one 
another.  The  pleura  also  imbricate,  and  their  fulcra 
are  provided  Avith  facets  upon  AAffiich  the  fulcra  of 
adjacent  segments  impinge.  The  ends  of  the  pleura 
thus  protect  the  ventral  surface  along  the  sides,  Avhen 
the  animal  is  enrolled.  Some  forms  appear  to  have  fw-  istr 

possessed  the  TAOAver  only  to  a limited  degree.  In  Caiiipiyune  smarm, 
these,  the  creatAire  is  usually  found  extended,  and  the  Em-oiied  speciuien. 
facets  on  the  fulcra  are  either  rudimentary  or  absent. 

Ontorjemj. — Minute  spherical  or  ovoid  fossils  associated  Avith  Trilobites 
have  been  described  as  possible  Trilobite  eggs,  but  nothing  is  knoAvn,  of 
course,  of  the  embryonic  stages  of  the  animals  themselves.  The  smallest  and 
most  primitive  organisms  Avhich  have  been  detected,  and  traced  by  means  of  a 
series  of  specimens  through  successiAm  changes  into  adult  Trilobites,  are  little 
discoid  or  ovate  bodies  not  more  than  1 mm.  in  length.  This  first  larval  form 
has  been  named  the  protaspis  (Beecher),  and  has  been  found  to  be  the  normal 
larval  type  characteristic  of  all  Trilobites.  It  is  believed  to  approximate  the 
protonauirlius  form,  or  the  theoretical,  primitive,  ancestral,  larAml  form  of  the 
Crustacea. 

The  simple  characters  possessed  by  the  protaspis  are  the  folloAving,  as 
draAvn  from  the  study  of  this  stage  in  all  the  principal  groups  of  Trilobites  : — 
Dorsal  shield  minute,  not  more  than  OG  fo  1 mm.  in  leiuith  ; circular  or  ovate  in 
form  ; axis  distinct,  more  or  less  strongly  anmdated,  limited  by  longitudincd  grooves  ; 
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head  portion  predoiiunatiarj ; axis  of  cranidiina  with  fire  ainiidatioiis ; ahdorniiial 
portion  nsnallii  less  than  one-third  the  Jencjth  of  the  shield ; axis  with  from  one  to 
seieial  anmdations  ; pJenral  portion  smooth  or  (irooved  ; ei/es,  when  present,  anterior 
mari/inal,  or  snhma rr/inal ; free  cheeks,  irhen  risible,  narrow  and  marginal. 

The  changes  taking  jilace  during  the  growth  of  an  individual  are  chiefly 
the  following  : Elongation  of  the  body  through  the  gradual  addition  of  the 

fiee  thoracic  segments  ; translation  of  the  eyes,  when  present  ; modifications 
in  the  glabella  ; growth  of  the  free  cheeks  ; and  final  assumption  of  the  mature 
specific  characters  of  pygidium  and  ornamentation. 

In  a classification  of  the  stages  of  growth,  the  protaspis  has  the  rank  of  a 
phylembryo,  and  corresponds  in  value  to  the  protoconch  of  Cejihalopods,  the 
prodissoconch  of  I’elecypods,  and  the  protegulum  of  Brachiopods.  In  its 
geological  history  and  the  metamorphoses  it  undergoes  to  produce  the  perfect 
Irilobite,  accurate  information  can  be  gained  as  to  what  the  primitive  char- 
acters are,  and  the  relative  values  of  other  features  acipiired  during  the  long 
existence  of  the  class. 

Of  the  stages  of  growth  after  the  protasjiis,  the  nepionic  may  be  considered 
as  including  the  animal  when  the  cephalon  ami  pygidium  are  distinct,  and  the 
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Canilirian.  A,  l*rota.'ii>i.s  cii- 
I.arKtMl.  Adult  reduced. 


A B 


Siiiihiivulii,  liarr.  (.'aiiilirian. 
.1,  I’nitasiiis  cnlar);ed.  Adult 
reiluced. 


A B 


Flii.  1‘274. 


T r iririh  r i(  .s  Bed.'  i,  (1  reeii. 
Ordovician.  A,  Protaspis  en- 
larged. B,  Adult  reduced. 


thorax  incomplete.  There  would  thus  be  as  many  nepionic  stages  as  there 
arc  thoracic  segments.  The  neanic  stages  would  be  represented  by  the 
animal  with  all  jiarts  complete,  but  with  the  .average  growth  incomplete. 
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Onlovician.  A,  lYotaspis 
inucli  «*nlarp*«l.  li,  Adult 
slightly  pulargfd. 
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Onloviciaii.  A,  Protaspis  en* 
largtMl.  li,  Aflult  reduced. 
(Figs.  P272-77  after  lieeeher.) 


Final  progre.ssive  growth  and  development  of  the  individual  would  fall  under 
the  ephebic  stage.  Lastly,  general  evidences  of  senilit}’  would  be  interpreted 
as  belonging  to  the  gerontic  stage. 

Mo/phoiienji. — During  the  jirotaspis  stage,  several  moults  take  place  before 
the  complete  separation  of  the  pygidium  or  the  introduction  of  thoracic  seg- 
ments. These  bring  about  various  changes,  namely,  the  stronger  annulation 
of  the  axis,  the  ajipearance  of  the  free  cheeks  on  the  dorsal  side,  and  develop- 
ment of  the  pygidium  by  the  introduction  of  new  appendages  and  segments. 
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as  indicated  by  the  additional  grooves  on  the  axis  and  liinl).  In  the  earliest, 
or  Cambrian  genera,  the  protaspis  stage  is  by  far  the  simplest  expression  of 
this  period  to  be  found.  In  the  higher  and  later  genera,  the  process  of 
acceleration  or  earlier  iidieritance  has  pushed  forward  certain  characters  until 
they  appear  in  the  protaspis,  thus  making  it  more  and  more  complex. 

Taking  the  early  protaspis  stages  in  Solenopleura,  Liosfracus,  or  Ftijchoparia, 
it  is  found  that  they  agree  exactly  with  the  foregoing  diagnosis  in  its  most 
elementary  sense.  Since  they  are  the  characters  shared  in  common  by  all 
larvae  at  this  stage,  they  are  taken  as  primitive,  and  accorded  that  value  in 
dealing  with  adult  forms  possessing  homologous  features.  Therefore,  any 
Trilobite  with  a large  elongate  cephalon,  eyes  rudimentary  or  absent,  free 
cheeks  ventral  or  marginal,  and  glabella 
long,  cylindrical,  and  with  five  annulations, 
would  naturally  be  placed  near  the  beginning 
of  any  genetic  series,  or  as  belonging  to  a 
very  primitive  stock. 

Next  must  be  considered  the  progressive 
addition  of  characters  during  the  geological 
history  of  the  protaspis,  and  the  ontogeny 
of  the  individual  during  its  growth  from 
the  larval  to  its  mature  condition.  It  has 
been  shown  by  Beecher  that  there  is  an 
exact  correlation  to  be  made  between  the 
geological  and  zoological  succession  of  first 
larval  stages  and  adult  forms,  and  therefore 
both  may  be  reviewed  together. 

rm  , 7 . , , Bohemia.  A,  Protaspis.  B-F.  Xepionic  stages 

i il6  Iirst  inipOrtftnt  structures  not  of  develoimient  (after  Barramte). 

especially  noticeable  in  all  stages  of  the 

protaspis  are  the  free  cheeks,  Avhich  usually  manifest  themselves  in  the  meta- 
or  para-protaspis  stages,  though  sometimes  even  later.  Since  they  bear  the 
visual  areas  of  the  eyes,  when  such  are  present,  their  appearance  on  the  dorsal 
shield  is  practically  simultaneous  with  these  organs,  and  before  the  eyes  have 
travelled  over  the  margin,  the  free  cheeks  must  be  wholly  ventral  in  position. 
When  first  discernible,  they  are  very  narrow,  and  in  Ptuchoparia  and  Sao, 
include  the  genal  angles.  In  Tkdinanifes  and  Cheirunis,  however,  the  genal 
angles  are  borne  on  the  fixed  cheeks. 

Since  the  free  cheeks  are  ventral  in  the  earliest  larval  stages  of  all  but  the 
highest  Trilobites,  and  as  this  is  an  adult  feature  among  a number  of  genera, 
which  on  other  grounds  are  very  primitive,  this  is  taken  as  generally  indicative 
of  a very  low  rank.  The  genera  Ilarpes,  Agnostus,  Trinucleiis,  and  their  allies 
agree  in  this  respect,  and  constitute  the  lliipoparia. 

The  remaining  genera  of  Trilobites  present  two  distinct  types  of  head 
structure,  dependent  upon  the  extent  and  character  of  the  free  cheeks.  In 
both,  the  free  cheeks  make  up  an  essential  part  of  the  dorsal  crust  of  the 
cephalon,  being  continued  on  the  ventral  side  only  as  a doublure  or  infolding 
of  the  edge,  similar  to  that  of  the  free  edge  of  the  cranidium,  the  ends  of  the 
thoracic  pleura,  and  the  margin  of  the  pygidium.  They  may  be  separated 
only  by  the  cranidium,  as  in  Pfgchoparia ; by  the  cranidium  and  separate 
epistomal  or  rostral  plate,  as  in  Illaenus  and  HomaJonofus ; or  they  may  be 
united  and  continuous  in  front,  as  in  Aeglina  and  iJalmanifes.  One  type  of 
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Sao  hirsitta,  Barr.  CaiiB)riaii  ; Skrey. 
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structure  is  distinguislied  by  lim  ing  the  free  clieeks  include  the  genal  angles, 
thus  cutting  off  more  or  less  of  the  pleura  of  the  occijiital  segment.  The 
genera  belonging  to  this  group  constitute  the  second  order — the  Opisfhojmna. 

I he  third  and  last  type  of  structure  includes  forms  in  vhich  the  jileura  of 
the  occipital  segment  extend  the  full  width  of  the  base  of  the  cephaloii,  em- 
biacing  the  genal  angles.  The  free  cheeks  are  therefore  separated  from  the 
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< of  SCO  Jiii-xHlc,  li,-UT.  (Oicsthnpcric)  A.  I'rotiispis.  /;,  Ccijlialon  of  m-pionic  individual,  r,  Ct-plialon 

of  later  nepionic  individual  liaviug  eiylit  frep  setimeuts.  Jl,  Ceplialou  of  .adult  (from  Ilppcher,  after  liarraiidp). 

cranidium  by  sutures  cutting  the  lateral  margins  of  the  cephalon  in  front  of 
the  genal  angles.  Genera  having  this  structure  tire  here  placed  in  the  order 
rniparia. 

Ihe  characters  still  to  be  noticed  have  chiefly  family  and  generic  values, 
and  are  of  great  assistance  both  in  determining  the  jtlace  of  a family  in  an 
order  and  the  rank  and  genetic  position  of  a genus  in  a familv. 

Ihere  is  A ery  satisfactory  evidence  that  the  eyes  have  migrated  from  the 
\entral  side,  first  foiuvard  toward  the  margin,  and  then  backward  over  the 
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Flo.  Pjsii. 

Outo-puv  of  I>chitc, tiles  soAclis,  liaiT.  (/Vu/k/i/o)  .1,  l>rol;is]ds.  1:,  Ci-jihiilou  of  individual  of  tlirpe  freP 
spp'iuputs.  r.  (■i-plialou  of  OUP  of  SPVVU  frpp  spguiputs.  I),  Cp]ilialou  of  adult  (from  liupidipr,  after  Barraiide). 

cephalon  to  their  adult  position.  The  most  ])rimitive  larvae  should  therefore 
])resent  no  evidence  of  eyes  on  the  dorsal  shield,  .fust  such  conditions  are 
fulfilled  ill  the  youngest  lar\’ae  of  I‘t jichopn rkt , Soleniiph'iira,  and  Lioslracus. 
I he  eyedinc  is  ])rcsent  in  the  later  hirval  ami  iulolescent  stages  of  these  genera, 
and  jtersisfs  to  the  iidult  condition.  In  Sno  it  has  been  jmshed  forward  to  the 
earliest  jtrotaspis,  and  is  also  found  in  the  two  knoAvn  hirval  stages  of  Trior- 
l/inis.  Silo  retains  the  eyedine  throughout  life,  but  in  Triurfhnis  the  adult  has 
no  trace  of  it.  A study  of  the  genera  of  Trilobites  shoAvs  that  this  is  a very 
arclmic  feature,  chiefly  characteristic  of  Camlirian  genera,  and  onlv'  ap|)earing 
in  the  primitive  genera  of  higher  and  later  groups.  It  first  deA'elops  in  the 
later  larwil  stages  of  certain  genera  (I'lip'hojvinii,  etc.) ; next  in  the  early  larval 
stages  {Sun))  then  di.sappears  from  the  adult  stages  (Triiirflinis) ) and  finally 
is  juished  out  of  the  ontogeny  (J^ilinanites). 

In  I’fi/rhopiiriii,  tSoJenojilenra,  Liosf ranis,  San,  and  Tria rthrus,  the  eyes  are 
first  A'isible  on  the  margin  of  the  dorsal  shield  ;ifter  the  jirotaspis  stages  have 
been  jiassed  through,  and  later  than  the  appearance  of  the  eyedines;  but  in 
I'roi'lns,  Adihisjiis,  ^Irr/es,  and  JJalirianifrs,  through  .acceleration,  they  are  present 
in  all  the  protaspis  stages,  and  persist  to  the  mature  or  ephebic  condition. 
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moving  in  from  the  margin  to  near  the  sides  of  the  glabella.  Progression  in 
these  characters  may  be  expressed,  and  in  so  far  taken  for  general  application 
among  adult  forms  to  indicate  rank,  as  follows  : — (1)  Absence  of  eyes  ; (2)  eye- 
lines ; (3)  eye-lines  and  marginal  eyes  ; (4)  marginal  eyes  ; (5)  submarginal 
eyes  ; (6)  eyes  near  the  pleura  of  the  neck  segment. 

The  changes  in  the  glabella  are  equally  important  and  interesting. 
Throughout  the  larval  stages  the  axis  of  the  cranidium  shows  distinctly  lyv 
the  annulations  that  it  is  composed  of  live  fused  segments,  indicating  the 
presence  of  as  many  paired  appendages  on  the  ventral  side.  In  its  simplest 
and  most  primitive  state  it  expands  in  front,  joining  and  forming  the  anterior 
margin  of  the  head  (larval  Pti/chopuria  and  Sao).  During  later  growth  it 
becomes  rounded  in  front,  and  terminates  within  the  margin.  In  higher 
genera,  through  acceleration,  it  is  rounded  and  well-defined  in  front,  even  in 
the  earliest  larval  stages,  and  often  ends  within  the  margin  (larval  Trkuihrus 
and  Aculaspis).  From  these  few  simple  types  of  pentamerous  glabellae,  all 
the  diverse  forms  among  species  of  various  genera  have  been  derived,  through 
changes  affecting  any  or  all  of  the  lobes.  The  modifications  usually  consist  in 
the  progressive  obsolescence  of  the  anterior  annulations,  hnally  producing  a 
smooth  glabella,  as  in  lUaenus  and  Xiohe.  The  neck  segment  is  the  most  per- 
sistent of  all,  and  is  rarelj'  obscured.  The  third,  or  mandibular  segment  is 
frequently  marked  by  two  entirely  separate  lateral  lobes,  as  in  Acidaspis,  Cono- 
Jichas,  Chasmops,  etc.  Likewise,  the  fourth  annulation  carrying  the  first  ]iair 
of  maxillae  is  often  similarly  modified  in  the  same  genera,  also  in  all  the 
Froetidae,  and  in  Cheirnrus,  Crofcdocephahts,  Sphaerexochus,  Arnpi/x,  Harpes,  etc. 
Here,  again,  among  adult  forms,  the  stages  of  progressive  differentiation  may 
be  taken  as  indicating  the  relative  rank  of  the  genera. 

The  comparative  areal  growth  of  the  free  cheeks  is  expressed  by  the 
gradual  moving  of  the  facial  suture  toward  the  axis.  As  the  free  cheeks 
become  larger  the  fixed  cheeks  become  smaller.  In  the  most  primitive  i>ro- 
taspis  stages,  and  in  Ar/nosfns,  Harpes,  and  Trinadeus,  the  dorsal  surface  of  the 
cephalon  is  wholly  occupied  by  the  axis  and  fixed  cheeks,  while  in  the  highei’ 
genera  the  area  of  the  fixed  cheeks  becomes  reduced  until,  as  in  Sii/ijina  and 
Phillipsia,  they  form  a mere  border  to  the  glabella.  Therefore  the  ratio 
between  the  fixed  and  free  cheeks  furnishes  another  means  of  assisting  in  the 
determination  of  rank. 

The  pleura  from  the  segments  of  the  glabella  are  occasionally  visilde,  as 
in  the  young  of  ElUptocephala,  but  usually  the  pleura  of  the  neck  segments  are 
the  first  and  only  ones  to  be  distinguished  on  the  cephalon,  the  others  being 
so  completely  coalesced  as  to  lose  all  traces  of  their  individuality.  The  pleura 
of  the  pygidium  appear  soon  after  the  earliest  protaspis  stage,  and  in  some 
genera  {Sao,  Dalmardtes)  are  even  more  strongly  marked  than  in  the  adult 
state,  and  much  resemble  separate  segments.  The  growth  of  the  pygidium  is 
very  considerable  through  the  protaspis  stage.  At  first  it  is  less  than  one- 
third  the  length  of  the  dorsal  shield,  ljut  by  successive  addition  of  segments  it 
soon  becomes  nearly  one-half  as  long.  In  some  genera  it  is  completed  before 
the  appearance  of  the  free  thoracic  segments,  all  of  which  are  added  during  the 
nepionic  stages.  An  interpretation  of  these  facts,  to  apply  in  valuing  adult 
characters,  would  indicate  that  a very  few  segments,  both  in  thorax  and 
pygidium,  may  be  evidence  of  arrested  development  or  suppression.  On  the 
other  hand,  the  apparently  unlimited  multi])lication  of  thoracic  and  especially 


022 


ARTHKOPODA 


SCB-KINGDOM  VII 


of  abdominal  segments  in  some  genera  is  also  to  be  considered  as  a jii’imitive 
character  expressive  of  an  annelidan  style  of  growth.  Genera,  like  Asajihus, 
Fhacops,  etc.,  having  a constant  number  of  thoracic  segments  accompanied  by 
other  characters  of  a high  order,  undoubtedly  represent  the  normal  Trilobite 
type. 

These  analyses  and  correlations  clearly  show  that  there  are  characters 
appearing  in  the  adults  of  higher  and  later  genera,  which  successively  make 
their  appearance  in  the  protaspis  stage,  sometimes  to  the  exclusion  or  modifica- 
tion of  structures  present  in  the  more  primitive  larvae.  Thus  the  larvae  of 
Jjahiiaiiites  or  Fro'dtns,  with  their  prominent  eyes  and  glabella  distinctly 
terminated  and  rounded  in  front,  have  characters  which  do  not  appear  in  the 
larval  stages  of  ancient  genera,  but  which  may  come  in  their  adult  stages. 
Hvidently  such  modifications  have  been  acquired  liy  the  action  of  the  law  of 
earlier  inheritance  or  tachj'genesis. 

rosifion  in  the  Zoolotikul  System. — Since  Trilobites  have  been  made  the  sub- 
ject of  siiecial  study,  they  have  been  commonly  classed  with  the  Crustacea,  and 
placed  near  the  Phyllopods  by  most  observers.  (,)uite  a number  of  naturalists, 
however,  still  divorce  the  Trilobites  and  Limuloids  from  the  Crustacea,  and 
ally  them  with  the  Arachnids.  Leaving  aside  the  question  of  the  homologies 
of  Limulus,  it  is  a fact  that  Triloliites  show  the  clearest  evidence  of  primitive 
Crustacean  affinities,  in  their  protonauplius  larval  form,  their  hypostoma  and 
metastoma,  the  five  jiairs  of  cejihalic  apiiendages,  the  slender  jointed  antennules, 
the  biramous  character  of  all  the  other  limbs,  and  their  original  phyllopodiform 
structure.  They  differ  from  Limulus,  not  only  in  most  of  these  resi>ects,  but 
also  in  not  having  an  operculum.  From  Limulus  and  all  other  Arthropods 
they  are  distinguished  by  having  compound  eyes  on  free  cheek-pieces,  which 
apparently  rejiresent  the  ])leura  of  a head  segment  that  is  otherwise  lost, 
except  possilily  in  some  forms  of  stalked  eyes  and  in  the  cephalic  neuromeres 
of  later  forms.  The  most  recent  discussions  as  to  the  affinities  of  Trilobites 
are  to  be  found  in  the  pajiers  by  Lernard,  Kingsley,  Woodward,  and  Beecher, 
where,  from  the  facts  presented,  the  relationshijis  of  these  animals  with  the 
Crustacea  follow  as  a necessary  corollary. 

As  to  the  rank  of  the  Trilofiites  in  a classificatory  scheme,  there  is  also 
much  diversity  of  ojiinion.  They  have  been  long  regarded  as  an  order  of 
Crustaceans,  but  any  attenijit  to  include  them  in  this  way  under  higher  groups, 
such  as  the  Lntamostraca,  Malacost raca,  or  Mcrostomata,  results  in  such  broad 
generalities  and  looseness  of  definition  as  to  render  these  divisions  of  little 
value.  The  jiresent  state  of  knowledge  of  Trilobite  structure  and  develop- 
ment is  in  favour  of  assiiiiiiim  them  nothiim  short  of  the  rank  of  a 

o o o 

sub-class. 

In  nearly  every  particular,  the  Trilobite  is  very  primitive,  and  closely 
agrees  with  a theoretical  Crustacean  ancestor.  Its  affinities  are  with  the 
known  sub-classes  of  the  group,  esjiecially  their  lower  orders,  but  its  position  is 
not  intermediate.  The  more  primitive  characters  may  be  summarised  as 
follows: — (1)  They  are  all  free  marine  animals;  (2j  they  have  a definite  con- 
figuration; (3)  the  larva  is  a protonauplius-like  form;  (4)  the  body  and 
abdomen  are  richly  segmented,  and  the  number  of  segments  is  variable;  (5) 
the  head  is  typically  [lentanierous  ; (6)  the  thorax  and  abdomen  are  always 
distinct,  the  number  of  segments  in  each  being  variable;  (7)  all  segments 
except  the  anal  bear  paired  ajipendages;  (8)  all  appendages  except  antennules 
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are  biramous ; and  (10)  the  coxal  elements  of  all  limbs  form  gnatliobases, 
which  become  organs  of  manducation  on  the  head. 

Classification. — Barrande  gives  a complete  resume  of  the  classifications 
applied  to  Trilobites  down  to  1850,  and  shows  in  a very  satisfactory  manner 
the  weak  points  of  each,  furnishing  strong  reasons  as  to  why  they  are  Tin- 
natural  and  therefore  untenable.  The  underlying  principles  of  these  early 
attempts  at  a classification  are  here  briefly  summarised.  (1)  The  first  classifi- 
cation of  Trilobites  ivas  advanced  by  Brongniart  in  1822,  in  which  all  the 
forms  previously  known  as  Entumolithus  paradoxus  were  shown  to  belong  to  five 
distinct  genera.  (2)  Dalman,  1826,  made  two  groups,  liased  iTpon  the  pi'esence 
or  absence  of  eyes.  (3)  Quenstedt,  1837,  recognised  the  number  of  thoracic 
segments  and  the  structure  of  the  eyes  as  of  the  greatest  importance.  (4) 
Milne-Edwards,  1840,  considered  the  power  of  enrolment  as  of  pi’ime  value. 
(5)  Goldfuss,  1843,  established  three  groups  depending  on  the  ])resence  or 
absence  of  eyes  ami  their  structurae.  (6)  Burmeister,  1843,  accepted  the  two 
divisions  of  Milne-Edwards,  and  laid  stress  on  the  nature  of  the  pleura  and  the 
size  of  the  pygidium.  (7)  Emmrich’s  first  scheme,  1839,  was  founded  on  the 
shape  of  the  pleura,  the  presence  or  absence  of  eyes  and  their  structure.  (8) 
The  later  classification  of  the  same  author,  pulilished  in  1844,  depended  on 
whether  the  abdomen  ivas  composed  of  fused  or  free  segments,  and  the  minor 
divisions  were  based  chiefly  on  the  structure  of  the  eyes  and  the  facial  suture. 
(9)  Corda,  1847,  placed  all  Trilobites  in  two  groups,  one  having  an  entire 
pygidial  margin,  and  the  other  with  the  pygidium  lobed  or  denticulate.  (10) 
M‘Coy,  1849,  took  the  presence  or  absence  of  a facet  on  the  pleura  for  a 
divisional  character.  As  this  is  an  indication  of  the  relative  power  of  enrol- 
ment, it  does  not  differ  materially  from  the  schemes  of  Milne-Edwards  and 
Burmeister.  Zittel,  in  a review  brought  down  to  1885,  includes  in  addition 
the  schemes  of  (11)  Barrande,  1850,  and  (12)  Salter,  1864,  and  remarks  that 
the  basis  of  Barrande’s  general  grouping,  namely,  the  structure  of  the  pleura, 
has  neither  a high  physiological  nor  a morphological  significance.  Both 
Barrande  and  Salter  recognise  nearly  the  same  families,  with  slight  differences, 
and  the  latter  adopts  a division  into  two  lines,  based  on  the  number  of  body 
rings  and  size  of  the  pi'gidium.  These  include  and  are  themselves  included 
in  four  groups,  founded  on  the  ])resence  and  form  of  the  facial  suture  and  the 
structure  of  the  eyes.  (13)  Chapman,  in  1889,  proposed  four  sub-orders  or 
primary  groups  based  purely  upon  arbitrary  features  of  general  structure  and 
configuration,  especially  the  form  of  the  glabella,  Avhether  ivide,  conical,  or 
enlarged.  (14)  Haeckel,  in  1896,  divided  the  Trilobites  into  tivo  orders 
based  upon  the  presence  or  absence  of  a functional  pygidium. 

In  the  classification  here  adopted,  the  families  as  defined  by  Salter  and 
Barrande  are  in  the  main  adhered  to,  and  the  number  corres})onds  very  closely 
Avith  that  in  Zittel’s  llandbuch  der  Falaeoiiiologie,  and  also  Avith  that  in  the 
GntiidziJge  of  the  same  author.  The  ordinal  divisions,  and  the  definitions  and 
arrangements  of  families,  are  taken  from  the  classification  prepared  by  Beecher 
in  1897,  based  upon  the  study  of  ontogeny  and  morphogenesis,  as  already 
shoAvn. 

Order  1.  HYPOPARIA.  Beecher. 

Free  cheeks  fonning  a continuous  marginal  ventral  plate  of  the  cephalon,  and  in 
some  forms  also  extending  over  the  dorsal  side  at  the  genal  angles.  Suture  ventral 
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murijiiml,  or  suhnianjiaal.  ConipounJ  eyes  ahrent ; simple  eyes  may  occur  on  each 

free  cheeh,  siiujly  or  in  pairs. 

E\'c-ii  in  tlie  liigla-r  genera  of  lliis  order,  tlie  suture  is  fre(|ueiitly  mmoticed,  Init  can 
l)e  seen  in  all  \ve]l-]ireserved  specimens.  In  Trinucleus  and  Harpes  it  follows  the  edge 
of  the  cephalon,  and  separate.s  the  donsal  from  the  ventral  plate  of  the  pitted  limh. 
Since  eye-spots  occur  on  the  fixed  cheeks  in  the  young  of  Trinucleus  and  adult //urpcs, 
it  is  jirohalile  that  this  character  is  a jirimitive  one  in  the  order,  and  has  been  lost  in 
Aynostus,  MicroiHscus,  Arnpyx,  and  Ihunide. 

The  ontogeny  of  higher  genera  shows  that  the  true  eye.s  and  free  cheeks  are  first 
developed  veiitrally,  ajipearing  later  at  the  marginal,  and  then  on  the  dorsal  side  of 
the  cephalon.  Therefore  the  Aynostidae,  Trinucleidae,  and  llurpedidae  have  a very 
primitive  head  structuie,  characteristic  of  the  early  larval  forms  of  higher  familie.s. 
Other  secondary  features  show  that  this  order,  though  the  most  primitive  in  many 
A n I • i)  K 

(1) 

Kni.  \'2S\. 

(.Vpliala  of A,  lu  Mirroflisnis.  Iftfries.  Trimirleum.  K,  Am  pyx  (iiftor 


respect.s,  is  more  specialised  than  either  of  the  others,  except  iu  their  highest  genera. 
The  characters  referred  to  are  the  glabella  and  iiygidium.  \'erv  few  species  show  the 
primitive  segmentation  of  the  glabella,  it  bidng  usually  smooth  and  inllated  and 
resembling  in  its  speciali.sation  such  higher  genera  as  Troetus,  Asaph  us,  and  Lichas. 
Tlie  pygidium  often  fails  to  indicate  its  true  nunilier  of  segments.  Many  species  of 
Ai/nostus  and  Mirrodi.srus  show  no  segments  either  on  the  axis  or  limb  of  the  pygidium. 
Trinucleus  and  othei-s  may  have  a numerously  annulated  axis  and  fewer  grooves  on  the 
pleural  jiortions.  The  number  of  ajuieiidages  corresjionds  to  the  axial  divisions.  The 
multiiilication  of  segments  in  the  pygidium,  and  their  con.'^eipient  crowding,  make  them 
<[uite  rudimentary. 

Family  I.  Agnostidae.  Dalman. 


Small  forms,  hariny  the  cephalon  and  jiyyahuoi  elonyate,  nrarly  equal,  and  similar 
in  form  and.  marhtnys.  Free  cheeks  ventral,  rontinuons  ; suture  inaryinal 
or  ventral.  Eyes  iranti'ny.  Thorax  composed  of  from  tiro  to  four  sey- 
ment.s,  mith  yrooved  pleura.  Camlii  ian  and  Ordo\dcian. 

Some  sjiecies  have  spines  at  the  genal  angle.s,  corresjionding  to  the 
interoiadar  spines  of  Ilolmia  and  young 
Elliptocejdinla,  and  not  to  the  sjiinifoi-m 
jirojections  of  the  free  cheeks.  From  theii- 
abbreviated  thorax,  and  progre.ssive  loss  of 
annulations  on  the  glabidla  and  pygidial 
axis,  they  must  also  lie  considered  as  de- 
graded. Mirrodisens,  the  earliest  genus, 
shows  in  .some  species  the  normal  jienta- 
merous  glaliella,  and  annulated  jiygidial 
axi.s,  while  the  later  genus  Aynostus  has  lost 
the  annulations  of  both  axis  and  jiygidium. 
Aynostus,  Brongn.  (Figs.  1281,  ^1-1  283).  Cephalon  and  ]iygidium  without  annula- 
tions on  their  axes;  thoracic  segments,  two.  Flxtraordinarily  abundant  in  the  iMiddle 


Fkc  1JS2. 

.itfiift.'tf ns  yrfhni^ 
Jotn.c.  Ii:irr.  Cam* 
ln'ian;  Skrey, 
15  o In*  mi  a.  •'»/i 
(after  Harramle). 


Via.  12S3. 

Aynostus  pisi/tirmis,  Ijim. 
('amhriaii  ; Andnirum,  Sweden. 
Comidete  imlividual,  and  frag- 
mejjt  of  limestone  with  detaclied 
cephala  and  pygitlia. 
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and  Upjier  Camljriaii  and  Ordovician  rocks  of  Bohemia,  Scandinavia,  Crreat  Britain, 
Spain,  and  America. 

Microdiscus,  Emmons  (Fig.  1281,  B).  Ceplialon  and  jiygidium  often  sliowing  tlieir 
segmented  natnre  by  annnlations  on  tlieii-  axes  ; thorax  witli  tliree  or  four  segments. 
Cambrian. 

Family  2.  Harpedidae.  Barrande. 

Ccphalou  large,  with  a hroad  rnargiiiaJ  exiHinsioti  or  liinh ; ghdu  lla  short  and  pro- 
minent. Free  cheeks  ventral,  continuous ; suture  ‘marginal,  following  the  outer  edge  of 
limb.  . Paired  simple  eye-spots  or  ocelli,  single  or  double,  at  the  distal  ends  of  'wdl-rnarked 
eye-lines  on  the  fi.ced  cheeks,  e.etending  outward  from  the  glabella.  Thora.c  of  from  twenty- 
five  to  twenty-nine  segments,  ivith  long  grooved  pleura.  Pygidiurn 
(in  Flarpes)  very  small,  composed,  of  but  three  or  four  segments. 

Ordovician  to  Devonian. 

Flarpes,  in  many  re.spects,  is  one  of  the  most  interesting 
genera  of  Trilobites,  being  very  unlike  other  forms.  The  broad 
hippocrepian  pitted  limb  of  the  ceplialon  has  its  counter]iart  in 
Trinucleus  and  IHonide,  although  less  well  developed  in  these 
genera.  The  head  is  also  relatively  longer  and  larger,  lioth 
features  being  decidedly  larval.  It  is  the  only  family  known  in 
which  functional  visual  spots  or  ocelli  are  situated  on  the  fixed 
cheeks.  The  young  Trinucleus  has  similar  ocelli.  The  great 
number  of  free  segments  in  Flarpes  is  another  primitive 
character,  and  the  cei)halon  still  remains  larger  than  the  thorax 
and  pygidiurn. 

Harpes,  Goldfuss  (Figs.  1281,  C,  1284).  Principally  Ordovician  and  Silurian, 
although  a few  Devonian  forms  are  known. 


Hftrpes  vnguld,  Stern- 
berg sp.  Orilovician  ; 
Boliemia  (after  Barrande). 


Familv  3.  Trinucleidae.  Barrande. 


Ceplialon  larger  than  the  thorax  or  pygidiurn ; genal  angles  produced  into  spines. 
Free  cheeks  continuous,  almost  wholly  ventral,  carrying  the  genal  spines ; suture  marginal 
or  submarginal.  Paired  sirnpde  eyes  or  ocelli  generally  absent  in  adult  forms ; compound 
eyes  vKtnting.  Thoracic  segments  Jive  or  si.r,  with  grooved  pleura. 
Pygidiwin  triangular ; margin  entire;  axis  with  a number  of 

annulations ; limb 
grooved.  Ordo- 
N'ician  and  Silurian. 

Tr  i n u cl  e u s, 
L h w y d 1 F i g s. 
IdSl,"  It,  1 2 85). 
Cephalon  with  a 
broad,  regularly 
pitted  Ijorder,  pro- 
duced behind  into 


Fig.  1285. 

Trinudeus  Goldfussi, 
Barr.  Ordovician  (Et.  D) ; 
Wesela,  Bohemia.  Vi- 


Fig.  12S6. 

Aiiipyx  no.suta, 
Dalinan.  Ordo- 
vician ; Pulkowa, 
Russia.  Vi- 


Fig.  1-2S7. 

Ainpyx  Fortlocld,  Barr.  (.)r(io- 
vician  (Et.  D);  Leiskov,  Bohemia. 
Vi  (after  Barrande). 


long  genal  spines  ; 
glabella  prominent ; 
thorax  of  six  seg- 
ments ; axis  narrow ; pygidiurn  triangular,  rvide,  short.  Ordovician ; Europe  and 
North  America. 

Diomcle,  Barr.  Like  Trin  ucleus,  but  with  irregularly  punctate  border,  and  larger 
Jiygidium.  Ordovician ; Euroj)e. 

Arnpyx,  Dalman  (Figs.  1286,  1287).  Thorax  and  pygidiurn  resembling  Tnhuc/eus ; 
VOL.  I 2 s 
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ceplialon  sulitriangular,  witliout  jjitted  limb  ; glabella  largo,  prominent,  narrow  be- 
liiml  and  enlarged  anteriorly,  often  2)roduced  into  a frontal  siiine.  Genal  angles 
siiiiiiform  ; thoracic  segments  five  or  six.  Chiefly  Ordovician,  rare  in  Silurian  ; 
Euroi>e  and  Xortli  America. 


Order  2.  OPISTHOPARIA.  Beecher. 

Free  cheelis  fjenero.Jbj  separate,  alirctijs  hcarinrj  the  ijcnal  o.nejles.  Facial  sutures 
extending  foricard  from  the  posterior  part  of  the  cephalon  within  the  genal  angles,  and 
rutting  the  anterior  margin  separatehj,  or  more  rarelg  uniting  in  front  of  the  glabella. 
Compound  'paired  holochroal  eyes  on  free  cheeks,  and  icell  developed,  in  all  hut  the  most 
primitive  family. 

The  iamilies  which  are  here  jilaced  under  this  order  lend  themselves  finite  readilv 
to  an  arrangement  based  u2)on  the  characters  succe.ssively  ajjjjearing  in  the  ontogeny  of 
any  ot  the  higher  forms.  Thus,  >iao,  Ptychoparia,  and  other  genera  of  the  Olenidae 
have  first  a jnota.sjiis  stage  only  coin2)arable  in  the  structure  of  the  cejihalon  with  the 
genera  of  the  })receding  order.  Therefore  this  stage  does  not  enter  into  consideration 


A ;;  (■  r>  K 


Fio.  12S.S. 

Ci'plKila  of  A,  Alnj,s.  I!,  Conoionijihe.  C,  I'lyAiOiiiriu.  1),  Olcnus.  Ji,  Asaphtis.  F,  Illaeiiiii. 

Gy  JI,  Uvontavd!.  /,  Lirho^.  (attor  liec'ch^'r). 

in  an  arrangement  of  the  families  of  the  ttpisthoparia.  In  the  later  stages,  however, 
there  is  a direct  agreement  of  structure  with  the  lower  genera  of  this  older.  The 
nejnonic  Sao,  with  two  thoracic  segments  (Idg.  127!),  B},  has  a head  structure  agreeing 
in  essential  features  with  that  in  Atops  or  Conocoryphe  (Figs.  1288,  A,  B).  A later 
nei)ionic  stage,  with  eight  thoracic  segments  (Fig.  127!),  C)  agrees  closely  with  the 
adult  Ptychoparia  or  Olcnus  (I'igs.  1288,  C,  I>).  Tliese  facts  clearly  indicate  that  the 
family  Conororyphidae  should  be  j)Ut  at  the  base  of  this  extensive  older,  iloreover, 
iis  ptychoparia  and  Olenus  are  more  primitive  and  simider  genera  than  Sao,  they,  as 
typifying  the  family  Olenidae,  govern  its  jiosition,  which  accordingly  would  be  next 
after  the  Conocoryphidae. 

\ ariations  in  the  ])osition  of  the  eyes,  the  relative  size  of  the  free  and  fixed  cheek.s, 
and  the  degree  of  s])ecialisation  ot  tlie  glabella  have  a definite  order  in  the  ontogeny  of 
any  Irilobite,  and  furnish  characters  ot  taxonomic  value  in  arranging  the  families 
placed  under  the  Opisthoparia  (see  Fig.  1288). 

Family  1.  Conocoryphidae.  Angelin. 

free  cheeks  very  narrow,  forming  the  lateral  margins  of  the  cephalon,  and  hearing  the 
genal  spines.  Fixed  cheeks  large,  usually  traversed  by  an  eye-line  extending  from  near 
the  anterior  end  of  the  glabella.  Facial  sutures  running  from  just  within  the  genal 
angles,  curving  forward,  and  cutting  the  anterior  lateral  margins  of  the  cephalon.  Eyes- 


ORDER  II 


OPISTHOPARIA 


Oil 


I'ljjlidiiuii 


primitive 
The  free 


Fig.  12'J0. 

Ceplialon  of  Cono- 
coryphe  Sul:eri, 
Schlotli. 


rudimentary  or  absent.  Thorax  with  from  fourteen  to  seventeen  segments, 
small  and  of  few  segments.  Camhriaii. 

The  genera  comprised  under  tliis  family  present  a nunilier  of  very 
characters,  such  as  are  displayed  only  in  the  larval  stages  of  higher  forms, 
cheeks  are  narrow  and  marginal,  and  may 
be  comjiared  with  those  in  the  nepionic 
stages  of  Sao  and  Ptychoparia.  Eyes  have 
not  been  detected,  but  the  presence  of  an 
eye -line  suggests  their  possible  existence. 

The  variations  in  the  glabella  are  very 
marked,  and  ai-e  as  great  as  those  which  in 
higher  forms  attain  some  importance  as 
family  characteristics. 

So  far  as  known,  all  the  larval  forms 
in  the  other  families  of  the  O-pisthoparia 
agree  in  having  the  narrow  marginal  free 
cheeks,  bearing  the  genal  angles.  The  eye- 
line is  present  in  most  of  the  adult  Olenidae, 
and  in  the  early  stages  of  all  so  far  as 
known,  so  that  the  general  average  of  char- 
acters in  the  Gonocoryphidae  represents  the 
main  larval  features 
families. 

Gonocoryphe,  Oorda  {Gonocephalites, 

Barr.),  (Figs.  1289,  1290).  Ceplialon  semicircular  ; genal  angles  produced  into  sjhnes  ; 
glabella  distinctly  lobed,  wide  behind  and  contracted  in  front,  not  extending  to  the 
frontal  border.  Fixed  cheeks  very  large,  with  consjiicuous  furrow  parallel 
anterior  margin  ; free  cheeks  narrow,  marginal ; thorax  of  fourteen 
brian  ; Europe  and  North  America. 

Atops,  Emmons  (Fig.  1291).  Differs  from  Gonocoryphe  in  having  a more 
drical  and  longer  glabella,  small  pygidium,  and  seventeen  free  segments. 
Cambrian  ; North  America. 

Gtenocephalus,  Corda.  Like  Gonocoryphe,  Imt  with  a lobe  in  front  of  the  glabella, 
which  is  also  less  strongly  dehned  ; free  cheeks  larger  ; pygidium  much  smaller  ; free 
segments  fifteen.  Camlnian  ; Europe  and  North  America. 

Bathynotus,  Hall.  Differs  from  Afop.s  and  Gonocorypjhe  in  its  wider  axis  ; free 
cheeks  united  in  front  and  extending  backward  into  long  genal  spines 
ments  thirteen  ; pleura  hastate.  Lower  Cambrian  ; North  America. 


throughout  the  other 


Fig.  1280. 

Conocoryphe  Sulzeri,  Sclilotli. 
Without  the  free  cheeks.  Cam- 
brian  (E  t.  C)  ; Ginetz, 
Bohemia.  Vi- 


Fig.  1*291. 

Ceplialon  of  A tops 
trili  neatK  s,  Em- 
mons. 


segments 


to  the 
Cani- 

cylin- 

Lower 


thoracic  seg- 


Family  2.  Olenidae.  Salter. 

Gephalon  larger  than  the  pygidium,  usually  under  than  long;  genal  angles  commonly 
produced  into  spines;  free  cheeks  separate.  Facial  suture  exteiiding  forward  from  the 
posterior  margin  of  ceplialon  along  the  eye-lobes,  and  either  cutting  the  anterior  margin 
separately,  or  meeting  on  the  median  line.  Eyes  crescentic,  reniforrn,  or  semicircular, 
situated,  at  the  ends  of  eye-lines  in  all  hut  the  highest  genera.  Trunk  long,  composed  of 
from  eight  (?)  to  tiventy-six  free  segments.  Pygidium  frequently  small ; margin  entire  or 
spinose.  Principally  Cambrian,  but  extending  also  into  the  Ordovician. 

Paradoxides,  Brongt.  (Figs.  1292,  1293).  Glabella  enlarging  in  front,  lobes 
defined  ; thorax  with  from  seventeen  to  twenty  free  segments,  pleura  with  spinifoi’m 
or  hastate  extremities ; pygidium  a small  plate-like  termination  of  the  axis,  seg- 
mented. Individuals  sometimes  attaining  a length  of  0’6  m.  or  more.  Very  abundant 
in  the  Middle  Cambrian  of  Europe,  North  America,  and  Australia. 
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Olcnclliis,  Hall.  I'ourtc'ou  Irev  sfi'inciit.s ; 2)ygi(liiiiu  a long  tcl.-^oii-like  sj>iiu‘. 
Lower  (.'amhi'ian  ; Xortli  America  and  Europe. 

Hohiua,  Matthew  (I'ig.  12!)4).  Sixteen  tree 
segments  ; jiygidium  a small  jdate  without  ajijiareiit 
segmented  di\isions.  Lower  Camhrian;  Xorwav. 

llriiioplniriih's,  Port  lock 
(Fig.  12i).o).  (llaljolla  ex- 
j)anded  ; axis  wide  ; free  seg- 


l-'ic. 

l‘n riuhi.i  tiles  Ilnlinnirus,  Harr.  Cani- 
ln  ian  (Ht.  C) ; (iim-tz,  Hr>hi*mia.  * 


Kkj.  l-Jl'3. 

Pc  rc  il n.i  i tics  (c 
\oung  ut'  P.  injlctus, 
Corda  sp.  - Hijilru- 
• ejih  c I II  s CO  rc  n s, 
Harr.).  Canibriaii  ; 
Skr«‘y,  Hulieinia. 


Via.  I20.J. 

A‘  I III  n jil  c u r i t1  c s 
((.'o  iih  arc)  red  ia  n y, 
Harr.  ()nl(j\  iciaii 
( Et.  I>)  ; K'iiiigNlior, 
HoliPiiiia.  b'l  (aftpr 
Harrand**). 


Fih.  I20i. 

Jfohnia  KJrrulJly  Einnarson.  Cambrian; 
UingsakiM’,  Norway.  Hart  of  the  glal)ella 
removed,  exposing  liyi)t>stoma  beiieatli.  'V4 
(alter  1 lolm). 


Eio. 

luiriianr  hrei'icoudc,  Ang.  (,’ambrian  ; 
Andrarum,  iSweden  (after  Angelin). 


iiu'iits  lo  lliirlocHi  ; ]>yi(idiuiu  ;ixis  oitc*ii  ri'cluco*!  to  two  uiiiiulatioiis,  llu? 

j'lt'Ural  ]>(U'tiou  ]n*o(luct*(l  bt-liiiid  into  ;i  Mat  C‘X]>aiisioii.  Ordf)- 
viriaii  ; Kuir>])c  and  Xurlli  America. 

Enrifrnn\  Angelin  (Fig. 

]>ostorior  angle.s  jn-oduced  into 


long 


Cephalic  shield  .short, 
curved  sjiines;  thoracic 


segments  .seven  to  nine.  Camhrian  ; Euroju'. 

Olenns,  Dalimui  (I'ig.  12!(i).  (ilahella  defined,  not  narrow- 
ing anterioilv;  thoracic  .segments  twelve  to  fifteen,  ideura  with 


■ nan-ow,  jngidium 


>harp-pointed  extremities,  hent  backwards;  axi- 
small.  (dmd»rian  and  Ordovician  ; Fhirojie. 

1‘litrhopKnii,  Corda  (I'ig.  1288,  C).  liesenddes  Olvnns,  hut 
with  tapering  glabella,  wrinkled  limb,  and  larger  jivgidiiiin. 
Cambrian  ; Eurojie  and  Xorth  America. 

a/a.?,  Corda.  Body  elongate  oval;  cejdialic  .shield  lai'ge, 
j>araboloid,  limb  broad  ; eyes  small  ; thoracic  segments  si.vteen  ; pygidium  small,  with 
rounded  margin  and  thiee  annulations  in  the  axis.  Cambrian  ; Euroi)e  and  Xorth 
America. 


f ill- II  IIS  1 ru  Hi  III  ns,  Hroiin. 
(’ambi-iaii  : Aiiilrarmn. 

.'NwvipMi  fattHT  vViigoliii), 
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Ellipsocephalus,  Zenker  (Fig.  1298).  Ceplialic  shield  seinicircular ; glabella 
smooth,  obtusely  angular  in  front ; free  cheeks  short  and  narrow  ; tlioiucic  segments 
twelve  to  fourteen  ; pygidiuin  short,  rudimentary.  Cambrian  ; Europe  and  North 
America. 


(SVto,  Barr.  (Figs.  1278,  1299).  Glabella  slightly  tapering  forwards,  extending 
two-thirds  tlie  length  of  the  cranidium,  and  having  three  pairs  of  distinct  lateral 


Fig.  I29S. 

ElUpsocephalus  Hoffi, 
Schlotli.  Cam  brian  ; 

Ginetz,  Bohfimia. 


Fig.  12U9. 


Sao  liirsuta,  Barr. 
Cambrian;  Skrey, 
Bohemia . 


Fig.  1300. 


furrows  ; thoracic  segments  seven- 
teen ; pygidium  very  small. 
Cambrian  ; Europe. 

Triarthrus,  Green  (Figs.  1274, 
1300).  Glabella  large  and  well- 


B 


Fig.  1301. 


Triarthrus  Betid,  Green.  With 
antennae  and  legs.  Ordovician ; 
Rome,  New  York.  (after 

Beecher). 


Dihelocephalus  Minnesotensis,  D. 
Owen.  Cambrian;  'Wisconsin. 
A,  Cranidinm.  B,  Pygidium  (after 
Hall). 


defined,  furrows  not  continuous ; thoracic  segments  fourteen  to  sixteen ; jileura 
grooved ; pygidium  with  six  segments  in  the  axis,  margin  entire.  Ordovician  ; 
America  and  Scandinavia. 


TJihelocefhalus,  Owen  (Fig.  1301).  Cephalon  large,  crescentic;  glabella  not  ex- 
tending to  frontal  margin  ; eyes  well  developed  ; thoracic  segments  nine.  Pygidium 
very  large,  broad  and  fan-like,  with  the  sides  pi-oduced  posteiiorly  into  spines,  axis 
with  four  to  six  rings,  extending  less  than  two-thirds  the  length  of  the  pygidium. 
Cambrian  ; North  America  and  Europe. 


Family  3.  Asaphidae.  Emmrich. 

Cephalon  and  pnjf/idium  tvell  developed ; glabella  often  obscurely  limited.  Free  cheels 
usually  separate.  Facial  sutures  extending  foncards  from  the  posterior  edge  of  the 
cephalon  within  the  genal  angles,  and  cutting  the  lateral  or  anterior  margins,  occasionally 
uniting  in  front  of  the  glabella.  Eyes  usually  present,  smooth,  well  developed,  sometimes 
of  very  considerahle  size,  even  occupying  the  entire  surface  of  the  free  cheeks.  Thorax 
generally  composed  of  eight  or  ten  segments,  but  varying  from  five  to  ten.  Pygidium 
large,  often  with  wide  doublure.  Camluian  to  Silurian. 

Asaphus,  Brongt.  {Cryptonymus,  Eichw.),  (Figs.  126.5,  1288,  G,  1302).  Cephalic  and 
caudal  shields  of  nearly  ec|ual  size,  with  l.iroad  infolded  margin  ; glaliella  expanded, 
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nearly  smooth  ; free  clieeks  large  ; hvpostoma  deeply  forked  ; eyes  large  and  prominent.; 


Km.  1302. 

AMiphtis  ajinnsun,  Liim.  I Inloviciaii ; I’tilkowa,  near  St.  I’etcrsburg,  Uiissia  (after  Salter). 


Ki(a  1305. 

A,  lUneti  ».<  hitlmnni,  Volb.  Ordovician  ; Piilkowa,  near 
St.  Pcter.^lnirg,  Itvtssia.  //,  C,  /.  crassirfiuila,  Dalinan. 
Ordovician  : Dalekarlien,  Sweden  (after  Holm). 


tie,.  1304. 


Oijmiia  Gucttardi,  Brong.  Or 
dovician;  Anger.s,  France 
.Mechanically  deformed  indi 
vidual  (after  lirongniart). 


tlioraeic  segments  eight  ; pygidium  not 


Kio.  1303. 

MrrKilfSjiisr.iieiiUdlo,  Ang.  Ordo- 
vician ; East  Oottland,  Sweilen.  i/| 
(after  .\ngelin). 


I )l'oa<  1 


eves 


pygKlium  not  strongly  segmented,  often  nearly  smooth. 
Some  species  attain  a length  of  O'G  m.  Very  profuse  in 
the  Ordovician  of  Europe  and  North  America. 

Suh -genus:  Meijalagjiiif,  Angelin  (Fig.  1303).  Like 
As((2iIius,  hut  ivith  more  defined  and  cylindrical  glabella. 
Ordovician  ; Eurojie. 

Oijyijia,  Brongt.  (Fig.  1304).  Glahella  not  greatly  e.\- 
]uinded,  and  ivith  four  or  five  lateral  furrows;  hyjtostoma 
jientagonal,  ivith  rounded  jiosterior  margin  ; thoracic  seg- 
ments ivith  grooved  jdeiira. 

Ordovician  ; Europe. 

lUaenun,  Dalman  ('Fig^s. 

1288,  F,  130.')).  Cephalic  and 
caudal  shields  large  and  conve.\, 
semicircular  in  outline  ; glabella 
smooth,  indistinct  ; free  cheeks 
small  ; hypostoma  conve.x,  ovoid, 
posteriorly  notched  ; tliftracic 
segments  usually  ten,  tvith 
smooth  pleura;  ])ygidium 
smooth,  M'ith  short  and  incon- 
spicuous axis.  Abundant  in 
the  Ordovician  and  Silurian  of 
Euro2>e,  Asia,  and  North 
America. 

XilcHS,  Dalman.  Thoracic 
segments  eight  ; axis  very 
Ordovician;  Eurojie. 


Aerjlina,  Barr.  (Fig.  1300).  Glabella  strongly  convex,  jirominent,  smooth;  fixed 
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Fig.  1300. 


cheeks  supjiressed  ; eyes  very  large,  occujiying  nearly  the  whole  area  of  the  free 
cheeks ; thoracic  segments  five  or  six  ; pleura 
grooved ; jiygidium  large,  with  short  axis. 

Ordovician  ; Europe. 

Family  4.  Proetidae.  Barrande. 

Ccphalon  about  one-third  of  the  ivhole  animal; 

genal  angles  (jeneralhj  produced  into  sjjines ; 

glabella  tumid,  ivitli  tiro  lateral  basal  lobes 

defined  by  oblique  furrows  in  front  of  the  neclc 

segment.  Free  cheeks  large,  separate.  Sutures 

e.x,tending  from  the  posterior  margin  imcard  to 

the  eyes,  and,  then  forward,  cutting  the  anterior 

margin  separately.  Eyes  usually  prorninent,  often  Aeglina  prisca,  Burr.  Ordovician  (Et.  D); 

, J,  ’ •'r  Vosek,  Bolieinia.  A,  Nat.  size.  B,  C,  Enlarged 

targe.  Ihorax  of  from  eight  to  fwenty-tivo  free  (after  Barrande). 

segments,  with  grooved  pleura,  Pygidium  usually 

of  many  segments;  pleural  and,  axial  portions  strongly  grooved;  margin  entire  or 
dentate.  Ordovician  to  Permian. 

Proetus,  Steininger  (Figs.  1275,  1307).  Head-shield  semicircular,  with  thickened 
marginal  rim  ; glabella  well  defined,  extending  nearly  to  the  anterior  margin,  lateral 
furrows  obsolescent,  basal  lobes  often  present.  Eyes  large, 

crescentic,  near  the  glabella  ; thoracic  segments  usually  ten, 

Xdeura  grooved ; pygidium  semicircular,  margin  entire ; axis 
elevated,  segmented ; limb  rilibed.  Ordovician  to  Carbon- 
iferous ; common  in  the  Devonian. 

Phillvpsia,  Portlock  (Fig.  1308).  Like  Proetus,  but  with 
more  prominent  glabella,  strong  basal  lobes,  and  larger,  more 
segmented  pygidium ; thoracic  segments  nine, 
replaces  Proetus  in  the 
later  Palaeozoic  hori- 
zons. The  last  surviv- 
ing species  occurs  in 
the  Permian  of  North 
America.  Maximum- 
development  in  Lower 
Carboniferous. 

Arethusina,  Ban-. 

(Fig.  1309).  Glabella 
about  half  the  total  length  of  head -shield, 
contracted  toward  the  front,  with  oblitjue 
lateral  furrows  and  basal  loljes  ; fixed  cheeks  large  ; eyes  small,  situated  at  the  ends  ot 
distinct  eye-lines  from  the  glabella  ; thorax  with  twenty-two  short  segments  ; pygidium 
small.  This  is  the  most  primitive  genus  of  the  family,  and  the  only  one  retaining 
archaic  eye-lines.  The  eyes,  too,  are  more  distant  and  forward  than  in  other  genera, 
and  the  number  of  thoracic  segments  is  larger.  Ordovician  ; Europe. 


Tliis  genus 


Fig.  1307. 

Proetus  Bohemicus,  Corda. 
Siluvian  (Et.  E) ; Koniepriis, 
Bohemia  (after  Barrande). 


Fig.  1308. 

1 1 1 lipsia  gemmu  I ife  ra , 
Pbill.  Carboniferous 
Limestone  ; Kildare, 
Ireland. 


Fig.  1300. 

Arethusina  Koninchl, 
Barr.  Ordovician 
(Et.  D) ; Kuclielberg, 
near  Prague,  i/]. 


Family  5.  Bronteidae.  Barrande. 

Dorsal  shield  broadly  eUiptical.  Gephalon  less  than  one-third  the  entire  length; 
glabella  rapidly  expanding  in  front,  ivith  faint  indications  of  lobes.  Free  cheeks  larger 
than  the  fixed.  Facial  sutures  extending  from  the  posterior  margin  fist  behind  the  eyes 
abrupAly  imcard  around  the  palpebral  lobes,  and  then  diverging  and  cutting  the  antero- 
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lateral  maniin>!  xeparafelii.  Ki/es  crrscenfir.  Thorax  of  ten  Keijmeafs,  ridifrd  pleura. 

Pilipdiuiii  loai/cr  than  rephalon  or  thorax;  ((.ds 
rcrp  nhort,  with  radiatinii  furrown  eo'tmdinq 
froai  it  arroK.i  the  hroatl  limh  toward  the  inanjin: 
dovldure  renj  wale;  marijin  ijenerallij  entire. 
( )r(lo\iciaii  to  Devonian. 

Tins  coinjnises  the  single  gemus  Jlronteus, 
(loldf'nss  ('Figs.  IlTU,  If,  1310).  Onlo- 

I'"-  1310.  vidan  to  Devonian  ; Eurojie  and  North 

cviii.ai.m  of  I’.rontriis  jiolifcr,  licyi-.  Di-voniaii  America.  l\Io.st  ahundant  in  the  Silurian  and 

(ht.  F) ; Koni«*]>i-us,  iiolitMiiia  li;irran<lf‘).  • i-  i 

Devonian  ol  lloheniia. 


Family  (>.  Lichadidae.  Barrande. 

Dorsal  .diield  iieneralbj  larpe  and  flat,  with  prannlated  teat.  Cephalon  amall,  not 
more  than  one-fonrth  the  entire  lenyth  ; penal  aiujles  apiniform.  Free  cheeks  separate  : 
sutures  extendimj  from  the  posterior  inarpin  ohliquelij  inward  to  the  eip’s,  and  then  almost 
direethj  forward,  enttin.tj  the  inarpin  separatehi.  (ilahella  hroad,  with  a larqe,  often 
tumid  central  lobe,  and  from  one  to  three  side  lobes.  Fijes  not  larqe.  Thorax  vdth  nine 
or  ten  sepment.s,  and  proored  and  fileate  pleura.  Pppidium.  larpe,  flat,  commonlji  with 
toothed  or  notched  marpin  correspond inp  to  the  pleural  prooves ; doublure  very  broad. 
Ordovician  to  Devonian. 


^l(jst  ot  the  forms  of  this  family  are  above 
several  species  are  among  the  large.st  of  the  class, 
d hey  are  all  thin-shelled,  and  so  loo.selv  articu- 
lated that  entire  specimens  are  extreiindv  rare. 

Liehas,  Dalman  s.  str.  (Figs.  12(i2,  1311). 
Anterior  lohe  ol  the  glalndla  dominating  the 
other  lohes,  ami  continnons  with  the  axi.s ; 
lateral  lohes  reiiiform  and  small.  Ordovician 
and  Siluri.ni  ; Furo]ie  ami  North  America. 

Snh-genera  : .1  rpes,  ( loldf  (Fig.  1 312).  Lateral 
lohes  ol  gl.’dudia  strongly  defined,  nearlv  as  large 
as  the  centivd  one,  and  di\ided  t ians\ers(dy  hy  a 
turrow  ; lohes  and  neck  ring  often  spiniferons  ; 
]iygidinm  with  dentate  margin  and  sjiinilorm 
jdeural  exleimions.  Silurian  and  Devonian. 


the  average  size  of  Ti-ilohite.s,  and 


1311. 


I.trhffs  lad n itanti, 
Walilb.  Silurian  ; 
Swcilcn  (after 
Angelin). 


I'Ki.  131-J. 

.Irge.i  <n-m<au.<,  (lolii- 
fnss.  Devonian ; (ier- 
niany  (after  Jievricli). 


Itieranopinus,  ( 'orda  (I’ig.  1313). 
transverse  furrow  into  an<(nlar  lohe- 


Olahella  divided 
; ]>ygidinm  with 


hy  two  longitudinal  and  one 
innnlated  axis;  limh  with  a 
few  short  deiiticnla- 
tion.s.  Silurian. 

fjonolichas,  I lames 
(Fig.  1314).  Olahella 
having  one  large  jiro- 
trndiiig  central,  and 
two  prominent  lateral 
lohe.s,  with  sometimes 
two  smaller  hasal 
lohe.s.  Ordovician  to 
1 levonian. 

Cerutolicha s.  Hall 
and  Clarke  ("Fig. 

o).  Central  lohe  arched,  tumid,  with  smaller  side  lolies;  central  lohe  and  occipital 
ring  with  long  curved  sjiine.s.  Devonian  ; North  America. 


ainl  ( 'larkc.  Sil- 
u r i a n ; X »•  w 
York. 


131; 


f'ouftlirhff.'i  Srlnnlflti,  I)airies. 
* H'llovician  ; (iennauy  (after 
1 )aiiies) 


C'rrofolirhns  Hall 

aii'l  Clarke,  hevojiiaii ; New 
York  (aftf*r  Hall  an«l  Clarke). 
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Family  7.  Acidaspidae.  Barrande. 


Dorsal  shield  spinose.  Cei)halon  transversehj  semi-dliptical,  quadrate,  or  trapezoidal : 
gened  angles  spiniform.  Glabella  with  one  large  median  axial  lobe  and  two  or  three 
lateral  lobes.  Free  cheehs  leerege,  separate.  Sutures  extending  from  just  u-ithin  the  gened 
angles  abruptly  inward  to  the  eyes,  and  then  forward, 
cutting  the  anterior  margin  each  side  of  the  glabella. 

Eyes  sracdl,  often  ■prominent.  Thorax  of  eight  to  ten 
segments,  with  ridged  pleura  extended  into  hollow  spines. 

Pygidimn  usuedly  srimll,  with  spinous  margin.  Oi'do- 
\dcian  to  Devonian. 

In  this  family,  as  well  as  in  the  Lichadidae,  is  to 
he  found  the  highest  expression  of  ditferentiation  and 
specialisation  among  the  Opisthoparice.  The  primitive 
pentameroiis  lohatioii  of  the  axis  of  the  cranidium  is 
entirely  obscured,  and  is  only  clearly  seen  in  the  protaspis 
and  early  nepionic  stages.  These  two  families  are  very 
closely  related,  the  chief  differences  being  noted  in  the 
size  and  character  of  the  pygidium,  and  the  riblied  or 
grooved  jileura.  The  Lichades  are  generally  much 
larger  and  flatter,  but  the  smaller  and  s[)inose  forms  of 
Arges  and  Gertdolichas  approach  rpiite  near  some  of  the 
Acidaspidae. 

Acidaspis,  Murch.  (Figs.  1276,  1288,  J,  1316). 

Ordovician  to  Devonian  ; Europe  and  North  America. 

IJicranurus,  Conrad ; Ancyropyge,  Clarke ; Devoidan. 

Selenopeltis,  Corda  ; Ordovician. 


Dufrenoyi,  Barr.  Silurian 
(Et.  E) ; St.  Iwan,  Bohemia  (alter 
Barrande). 


Order  3.  PROPARIA.  Beecher. 

Free  cheelis  not  bearing  the  gened  anejles.  Facial  sidures  extending  from  the  lateral 
margins  of  the  cephalon  in  front  of  the  gened  ecngles,  inweml  evnd  forwetrel,  cutting  the 
anterior  mar ejin  separately  or  ‘uniting  in  front  of  the  gleibellei.  Compound ‘peiired  eyes 
scarcely  developed  or  sometimes  absent  in  the  most  primitive  family ; vzell  developed  and 
schizochroal  in  the  highest  family. 

This  is  the  only  order  of  Trilobites  which  apparently  begins  during  the  known 
Palaeozoic,  and  unlike  the  other  orders,  had  no  pre-Camlulan  existence.  The  earliest 
forms  of  the  Propeeria  were  initiated  at  the  close  of  the  Cambrian  and  dawn  of  the 
Ordovician.  The  greatest  generic  ditferentiation  of  the  group  was  early  attained  ; 
during  the  Silurian  and  Devonian  a rapid  decline  ensued,  and  only  one  or  two  genera 
survived  into  the  beginning  of  the  Carboniferous. 

Among  the  Opisthoparia,  it  was  shown  that  the  Conocoryphidae  formed  the 
natural  base  or  most  primitive  family  in  the  order,  and  was  distinguished  by  the 
narrow  marginal  free  cheeks  and  absence  of  well -developed  eyes.  It  is  of  great 
interest  and  importance  to  be  able  to  recognise  in  the  Propeeria  a similar  julmiti^'e 
family  having  characters  in  common  with  the  other,  but  still  clearly  belonging 
to  the  higher  order.  Placopariei,  Areia,  and  PHndymene  of  the  Encrinuridae 
constitute  a group  of  apparently  blind  Trilolhtes  with  narrow  marginal  free  cheeks, 
and  present  in  general  the  appearance  of  Atops,  Conocoryphe,  Ctenocephedus,  etc.,  of  the 
Conocoryphideie. 
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Family  1.  Encriuuridae.  Liiniar.sson. 


Lejihiilon  narrow,  fransvci'sc.  I'lxed  cheeks  verij  hnaje.  Free  cheeks  long,  narrow, 
.'■ejjaiafe,  sometimes  with  a free  rostral  plate  hetxceen  the  anterior  extremities.  Snlnres 
e.itenihng  from  in  front  of  the  genal  angles  ohhqnelii  forward,  and  cutting  the  anterior 
margin  in  fiont  of  the  glabella.  Fijes  venj  small  or  absent.  I'horax  of  from  nine  to 


CVpliala  of  I'rnjmrw.  A,  1‘lacoparia.  11,  Knrri minis.  C,  Ciilinnuicnc.  H,  DinUui-c. 
todinlc).  F.  I!,  Diihimniles.  11,  Chn.<:mnps.  I,  Amstc.  /,  77i(!cr,j)s  (after  Uei'chcr). 


K,  Vlicirunis  (Eccop- 


ticelce  segments,  with  ridged  pleura.  Pggidium  generallg  composed  of  many  segments; 
limb  with  strong  ribs  nsaally  less  in  number  than  the  anniilations  of  the  a.ris.  Ordo- 
vician and  Silurian. 


Fncrinnriis,  Emini’icli  {Cromiis,  i^ai'r.),  (Figs.  1:26:2,  131 


Fio.  ISIS. 

Ibnr/  i n nni.<  jtinir- 
folns,  Kminr.  Sil- 
urian ; (ioUland. 


Fuj,  1310. 

Knrri  n ii  nic  liuhnn  iru$^ 
Harr.  Silurian  (Ft.  K) ; 
l.oclikow,  Holnunia. 


olisolctu  ; li'ce  c'lioeks  long,  nai-row  ; 
low  segments.  Oi'dovician  ; Knro])e 


7M319).  (,V])lialon 
tuliemilated  ; glaliella  iiyril'orm,  jirominent ; 
live  clieelis  narrow,  separated  in  front  liy  a 
small  rostra]  jdate ; eye.s  .small,  elevated  on 
conical  jirominence.s  ; thoracic  .segments  eleven  ; 
jiygidinm  triangular,  numerously  .segmented, 
liml)  with  fewer  rilj.s.  Ordovician  and  Silurian; 
Fui'ojie  and  Ameiica. 

riacoparia,  Oorda  (Fig.  1 317,  A).  Olahella 
more  strongly  lohed  than  in  Encrinurns ; eyes 
thoiax  of  twedve  .segments  ; jiygidium  small,  with 


Family  2.  Calymmenidae.  lirongniart. 


Ccjdialon  sorneirhat  wider  than  long.  Fixed  cheeks  large; 
produced  into  spines.  (tlabclla  narrowing  anteriorly.  Free 
cheeks  long,  separate,  usually  with  a free  plate  between  the 
anterior  extremities.  Sutures  extending  from  just  in  front  of 
the  genal  angles,  eonrerging  anteriorly,  and  cutting  the  margins 
separately.  Eyes  small,  facets  numerous,  visual  surface  seldom 
preserved.  Thorax  ef  thirteen  segments,  with  grooved  pdeura. 
I’ygidium  of  from  six  to  fourteen  segments ; axis  taperino. 

( trdovician  to  Devonian. 


genal  angles  rounded  or 


Calyiiirncne,  Flrongt.  ('Fig.s.  131  i,  C,  1320).  Body  oval  in  Fig.  1320. 

outline,  ])ossassing  the  jiower  of  enrolment  to  jierfection  ; rnhimmene  seiwria^  Conrad, 
glahella  conical,  strongly  conve.x,  divided  by  three  pairs  of  ; Cincinnati,  Ohio, 

dee])  lateral  grooves  ; eyes  small  ; hy])ostoma  (piadrate, 

notched.  Thora.v  of  thirteen  segments,  axial  furrows  deep  ; iiygidium  of  from  six  to 
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eleven  segments,  not  distinctly  marked  off  from  the  thorax. 
Europe  and  North 
America ; also  De- 
vonian of  North 
America. 

H 0 m a I onot  u 
Koenig  (Fig.  1321). 

Body  usually  large, 
elongate,  narroving 
behind,  indistinctly 
trilobed  ; glabella 
smooth,  flattened  and 
almost  quadrate  ; 
pygidium  elongate 
triangular,  posterior 
margin  rounded  or 
pointed,  axis  Avith 
ten  to  fourteen  annu- 
lations,  sometimes 
smootli  and  without 
apparent  segments. 

OrdoA’ician  to  De- 
vonian ; Europe, 

America,  and  Soutli 
Africa. 


OrdoA’ician  and  Silurian  ; 


Fig.  13-2-2. 

Chiiruru-s  imignis,  Beyr.  Silurian 
(Et.  E) ; Kozolup,  Bohemia.  i,  i 
(after  Ban'ande). 


Fig.  1321. 


HoiiU'.lonotus 
cepho.las,  Green. 
Xew  York. 


{Trimcrus) 
Silurian ; 


deJj‘hino- 

Lockport, 


Cephalon  of  Ampliloii  Fisclien, 
Eichw.  Ordovician  ; Pulko  wa, 
Russia. 


Family  3.  Cheiru- 
ridae.  Salter. 

Glabella  well  de- 
fined. Free  cheeks 
srnall,  sometimes  much 
reduced.  Sutures 

extending  from  in  front  of  the  geno.l  angles  inward  to  the  eyes,  and  then 
obliquely  forxcard.,  cutting  the  anterior  margin  in  front  and  on  each 
side  of  the  glabella.  Eyes  usually  srnall.  Thorax,  of  from  nine  to 
eighteen  segments,  generally  eleven  : pleura  often  extended  into  hollow 
spines.  Pygidiurn  small,  with  frorn  three  to  five  segments;  pAeural 
elements  commonly  produced  into  .opines.  Principally  OrdoA'ician 
and  Silurian,  but  extending  into  tlie  Devonian. 

Cheirurus,  Beyr.  (Figs.  1317,  E,  1322).  Glabella  strongly  coiiA-ex 
and  deeply  grooA’ed  by  three  pairs  of  lateral  fiu’roAvs ; thoracic 
segments  eleA'en,  more  rarely  nine  to  thirteen  ; pygidium  Avith  Avell- 
marked  axis  of  four  annulations,  the  pleura  prolonged  into  points 
or  spines.  Species  grouped  into  a number  of  sub-genera.  Orclo- 
A’ician  and  Silurian  ; Em-ope  and  North  Ameiica. 

Arnphion,  Pander  (Fig.  132.3).  Cephalon  broad  and  short, 
Avith  a distinct  rim  around  tlie  margin ; glabella  not  strongly 
elevated,  marked  liy  tAvo  pairs  of  side  furroAvs  and  short  frontal 
furroAvs.  Thoracic  segments  fifteen  to  eighteen  Avith  inflated 
pleura ; pygidium  smaller  than  cephalon,  pleural  ribs  extended 
into  spines.  Commonly  found  in  the  enrolled  condition.  Ordo- 
vician ; Europe  and  North  America. 

Beyr.  (Fig.  1324).  Glabella  OA-oid  or  globular,  Avith  three  pairs  of 


Fig.  1324. 

Spho.erexochus  minis, 
Beyr.  Silurian; 
Listice,  Bohemia.  1,2 
(after  Barrande). 

Spihaerexochus, 
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lateral  furrows,  the  jiosterior  one  euttini^  off  suh-eircular  basal  lobes.  Eyes  small; 

thoraeie  segments  ten,  with  smooth  convex  jileiira  ; 
pygidinm  smaller  than  heail-shield,  composed  of  three 
segments,  tree  at  their  ends.  Ordovician  and  Silurian  ; 
Europe  ami  Xorth  America. 

Jk’Vjihon,  Harr.  (Fig.  132')).  Olahella  globular,  without 
lateral  turrows  ; free  cheeks  minute  ; fixed  cheek.s  ]>ro- 
dnced  at  either  side  into  a long  curved  spine.  Eyes 
small,  situated  at  the  ba.-^e  of  the  spiniform  fixed  cheeks; 
thoracic  segments  nine,  with  free  spiniform  pleura  ; 
pygidinm  short,  giring  off  two  pairs  of  curved  sjiinous 
j)i'ocesses.  Silulian  ; Eui’ojie. 


Dn  j'lniu  Foi’f»‘si^ 
(Et.  E) : St.  I wan, 


Fin.  1325. 

liarr.  Silurian 
liohcinia  (at't«'r 


Eamiiy  4.  Phacopidae.  Salter. 


Free  elteelcit  coii- 


riint:oi> 
\ oii  i .’i  II 

District. 


Fill. 

Inllfroiis,  iiroiili.  I)c- 
(1  c rills  tci  II,  Eil'cl 


Fio.  1S20. 

1 'hitfopii  Stern  hertjif 
Harr.  Devonian  (Et. 
(1);  llostin,  Holirniia 
(after  Harraniie). 


(JIuhellii  Itintid,  in'ih-tif  in  front, 
linnons,  nniteil  nnteriorhj.  Sntnre 
e.rlnidlnti  from  in  front  of  the  tjenal 
iinf/li'a  tnn-iirtl  to  the  ci/c.s,  ontt  thenre  forwnnl  aronvil  the  (jlnhcUu. 

Ei/eft  f/enerttlhi  liirr/e,  nhnnjs  v;/fh  distinrt  fiieets,  srhi:.ochroat.  Thorw.r 
of  eleven  setjments,  with  (jrooretl  plenra.  I’ljijiilimn  usn.aUii  lunjeiind 

of  manii  seeiments:  limh  rihlwd  ; rnnrejin 
entire  or  dentate.  Ordovician  to 
1 tevonian. 

yVntrop.s,  Emmiich  (Fig.s.  1317,  J, 

13:lfi,  13:17).  Olabidla  very  wide  and 
rounded  in  front,  the  two  anterior  paiis 
of  lateral  furrows  inconsjiictious  or 
obsolete  ; genal  angles  short,  generally 
rounded  ; eyes  large,  prominent  ; pletini 
I’ounded  ; jiygidium  semicircular,  margin 
entile.  Silurian  to  U]ijier  Devonian; 

Euro]ie  and  America. 

'J  n inerocejdia!  ns,  lM‘f'oy.  Olahella  tumid  in  front,  hiteral 
turrows  taint  or  wanting  excejit  the  ba.sal  one;  fixed  cheeks  large;  free  cheeks  forming 

a narrow  anterior  rim  ; 
eyes  small,  with  a few 
lai-ge  facets  ; pygidinm 
' I simill.  Silurian  and 

Devonian  ; Etirope. 

Pteryf/ometojius, 
Schmidt  (Fig.  1328). 
Cejdialon  obtusely  an- 
gular in  front;  glabella 
enlarging  anteriorly, 
lateral  furrows  well 
defined  ; pygidinm  as 
ill  Pkacops.  Ordovic- 
ian; Europe  and  North 
America. 

A cast  e,  G o 1 d f. 
(Figs.  1317,  I,  132!)). 
Glabella  slightly  enlarging,  with  distinct  lateral  furrow.s  ; often 


Fill.  1 :!■>¥. 

Pft'rytjomffopiis  silt  rnj>s, 
TK'ilin.  < )r)loviciati  ; 
Iswos,  Estlioniii  (afl»*r 
Scl»mi«lt). 


Fig.  132U. 

,1  I f .cfi'  1)0  tr  ,t  I )i  1/  ( nc, 

Murcli.  Silurian;  I.uillow, 
Euj^'laufl  Salter). 


Fig.  1330. 

D'f^manitcs  Harr.  ( )nlovjciaii  (Et.  I)); 

Wf'sela,  ufar  Praj^ue,  Holieuiia.  Cephalon,  V j. 
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Oi'dovician  and  Silurian  ; 
(jlabella  ivitli  three 


Dalma  aites  ? imulu  rii 


pointed,  and  usually  witli  more  segments  than  in  Pliucops. 
Europe. 

Bcdmanitcs,  Einmricli  (Pigs.  1261,  1317,  F,  G,  1330,  1331 1 
well-marked  lateral  furrows;  genal  angles  produced  into 
.spines ; eyes  large,  prominent,  and  with  many  distinct  facets  ; 
pygidiuin  triangular,  frequently  pointed  or  mucronated,  uuth 
more  than  eleven  segments,  soinetiines  twenty  or  more.  Ordo- 
vician to  Devonian  ; Europe,  America,  and  East  India. 

Clmsmops,  M'Coy  (Fig.  1317,  H).  Differs  from  I kdmanites 
in  hacdng  the  second  pair  of  glaljellar  lobes  nearly  separated 
from  the  axis,  in  the  obsolescence  of  the  third  pair  of  lobes, 
and  in  its  iminded  iiygidium.  Ordovician  ; Europe. 


Vertical  Range  and  Distribution  of  Trilobites. 

Trilobites  are  the  only  large  division  of  the  Arthropods 
which  has  become  extinct.  Even  in  the  earliest  Camlirian 
they  bear  evidence  of  great  anticpiity, — in  their  diversified 
form,  larval  modifications,  polyrnerous  head,  and  caudal  shields. 

These  features  show  that  Trilobite  phylogeny  must  extend  far 
back  into  pre-Cambrian  times. 

The  maximum  development  of  Trilolfites  occuri'ed  in  the 
Cambrian  and  Ordovician,  aftei'  which  they  steadily  waned 
both  in  numbers  and  variety.  The  genera  of  the  Conoconj- 
phidae  are  wholly  restricted  to  the  Cambrian,  and  here  also  Green.^  Silurian ; Lockport( 
are  found  nearly  all  the  Olenidae  and  Agmstidae,  only  scattering  ^ Hall), 

representatives  of  which  survive  into  the  Ordovician.  The  Asaphidae  are  the  sole 
remaining  family  found  in  the  Cambrian,  and  they  are  more  characteristic  of  the 
Ordovician  and  Silurian. 

All  families  of  Trilobites  are  present  in  the  Ordovician,  and  continue  into  the 
Silurian,  with  the  exception  of  the  Gonocorijphidae,  Agnostidae,  and  Olenidae,  Avhich 
are  properly  Cambrian  types.  The  Devonian  witnesses  a decline  in  the  numl.)cr  of 
families  jiresent,  and  with  the  close  of  this  era,  the  class  practically  became  extinct, 
since  only  five  genera  of  one  family,  the  Proetidae,  are  met  with  in  the  Carl.)oniferous, 
and  the  single  genus  Phillipsia  alone  persists  as  late  as  the  Permian. 

As  regards  their  geographical  distribution,  some  genera  are  of  cosmopolitan  occur- 
rence : such  as  Agnostus,  Gonocoryphe,  Ptychoparia,  Paradoxides,  Trinuclens,  Asaphus, 
Illaenus,  Proetus,  Phillipsia,  Acidaspris,  Lidias,  Galymmene,  Uomalonotus,  Gheiruriis, 
Phacops,  Valmanites,  and  others.  The  majority  of  fornrs,  however,  are  extremely 
limited  in  distribution,  so  that  a large  numljer  of  genera  found  in  Sweden,  Bohemia, 
England,  and  North  America  are  unknown  outside  of  certain  very  restricted  areas  ; 
and  the  total  number  of  species  common  to  both  sides  of  the  Atlantic  is  very  small. 

A remarkable  contrast  is  observable  between  the  older  Palaeozoic  Trilobites  of  the 
northern  parts  of  Europe,  and  those  of  the  middle  and  southern  ])ortions.  While  the 
majority  of  northern  genera  and  species  are  common  to  Great  Britain,  Scandinavia, 
and  Ru.ssia,  the  forms  of  the  central  European  provinces  (Bohemia,  Thuringia,  Fichtel- 
berg,  the  Hartz,  Belgium,  Brittany,  Northern  Spain,  Portugal,  the  Pyrenee.s,  tlie  Aljis, 
and  Sardinia)  are  so  dissimilar  as  to  stand  in  closer  relationships  with  the  Noifh 
American  than  with  the  first-named  Trilobite  fauna.  Of  the  350  s])ecies  found  in 
Norway  and  Sweden,  and  of  the  275  in  Boliemia,  only  six  are  common  to  l)oth 
pi’ovinces,  and  it  is  doubtful  if  these  are  really  identical. 

The  first  of  the  accompanying  tables  shows  the  range  and  relative  development  of 
the  orders  and  the  class ; the  second  represents  the  vertical  range  of  the  sei’eral 
families  of  Trilobite.s. 
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PemiiaQ. 

Carboniferous. 

Devonian. 

Silurian. 

Ordovician. 

Cambrian. 

Pre-Cambrian. 


TABLE  SHOWING  VEBTICAL  EANGE  OF  TIHLOBITES. 


Families. 


Order  1,  Hypoparia 

Fainilv  1.  Agno.stidae 

2.  Haijicdidae  . 

3.  Triiuuleiilae  . 

Order  2.  Opisthoparia 

Family  1.  Conocoiyphidae 

2.  Olcniilae 

3.  Asapliidac 
■1.  Proididae 
5.  llronteidae 
tJ.  Lichadidae 

7.  Acidas|>ida('  . 

Order  3.  Proparia 

Family!.  Encrinuridae . 

2.  Calymmeniilae 

3.  Cheiruridae  . 

4.  Pliacopidae  . 

Total  Number  of  Families  . 


[The  foregoing  ehajiter  on  the  Trilobita  has  been  abbreviated  from  an  e.ssay  prepared 
c.x])ressly  for  this  work  by  our  foremost  authority  on  tlie  group.  Profes.sor  Charles  E.  Beecher 
of  Yale  University,  New  Haven.  About  a score  of  new  figures  have  also  been  introduced  in 
the  text,  borrowed  mainl}'  from  Dr.  Beecher’s  original  contributions.  'I'hese  last  should  he 
consulted  bv  every  student  in  connection  with  the  present  chapter. — Tk.vn.s.] 
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Sub-Class  B.  EUCRUSTACEA.  Kingsley.  (Crustacea  proper.) 

Crustacea  not  having  the  body  divided  into  median  and  lateral  lobes;  with 
filiform,  plumose,  or  lamellate  gills  in  either  thoracic  or  abdominal  region ; tcith  two 
pairs  of  antennae,  and  with  the  maxillae  and  mandibles  never  pediform.  Nanplius 
stage  either  free-swimming  or  passed  in  the  egg. 

In  the  Crustacea  proper  the  appendages  of  the  cephalothorax  are  as  follows: 
The  first  and  second  pairs  are  preoral  and  are  knov.ui  as  the  antennae;  the 
third  pair,  placed  at  either  side  of  the  mouth,  are  the  mandibles  ; the  fourth 
and  fifth  pairs  are  secondary  jaws,  called  maxillae.  The  appendages  Ijehind 
these  vary  in  character,  some  being  walking  feet,  while  from  one  to  three 
pairs  may  be  subsidiary  to  the  maxillae  in  eating,  in  which  case  they  are 
called  maxillipeds. 

The  Eucrustacea  are  commonly  divided  into  Entomostraca  and  Malacostraca, 
but  the  first  of  these  groups  is  not  a homogeneous  assemblage  ; it  is  rather  a 
division  in  which  have  been  placed  all  forms  not  members  of  the  Malacostraca, 
the  almost  universal  presence  of  a nanplius  stage  being  its  chief  differentia! 
character.  The  Eucrustacea  are  here  divided  into  the  super-orders  Ehyllopoda, 
Ostracocla,  Copepoda,  Cirripedia,  and  Malacostraca. 

Super-Order  1.  PHYLLOPODA.  Latreille.^ 

Eucrustacea  of  elongated  form,  often  with  distinctly  segmented  bodies,  usually 
with  fiat  shield-shaped  or  latercdly  compressed  carapace. 

Under  the  Phyllopods  are  embraced  very  ditt’erently  formed  Crustaceans 
of  large  and  small  size,  living  mostly  in  fresh  water  or  salt  marshes,  and 
possessing  in  common  little  else  than  the  leaf-like  form  of  leg  and  a uniform 
developmental  history.  The  segmentation  of  the  body  in  higher  forms 
{Brancliiopoda)  is  very  distinct,  but  in  the  water-fieas  (Cladocera)  it  is  usually 
quite  incomplete.  The  number  of  body  segments  varies  considerably 
among  dift'erent  genera.  In  the  strongly  segmented  forms  the  body  is 

elongated  and  protected  in  front  by  a fiat  or  shield-shaped  dorsal  carapace 
(Apus),  or  it  is  naked  (Eranchipus).  In  the  Cladocera  and  Estheriidae,  which 
are  enclosed  in  a bivalve  shell,  the  body  is  laterally  compressed,  shortened, 
and  indistinctly  segmented.  The  line  of  division  between  thorax  and  abdomen 

^ Literature  : A.  Recent  Forms. 

Grube,  E.,  Benierkungen  tiber  die  Phyllopoden,  etc.  (Wiegmaun’s  Arcliiv  fiir  Naturgescli.,  XIX., 
XXXI.),  1853-65. — Claus,  C.,  Paper.s  on  Branchipus,  Apu.s,  and  Limulus  in  Abhandl.  Gesellscb. 
Wi-ssensch.  Gottingen,  XVIII.,  1873  ; and  Arbeit.  Zool.  Inst.  Wien.,  VI.,  1886.  — Weisma.nn,  F.  L.  A., 
Zur  Naturge-schichte  der  Daplmiden  (Zeitschr.  Wtssensch.  Zool.,  XXVII.,  XXXIII.),  1876-80. — 
Lankester,  E.  i?..  Several  papers  on  Limulus,  Apus,  etc.,  in  Quart.  Journ.  Microsc.  Soc.,  XXL,  1881. 
— Packard,  A.  S.,  Monograph  of  the  Phyllopod  Crustacea  of  North  America  (12th  Ann.  Rept.  L'.S. 
Geogr.  and  Geol.  Surv.  Terr.),  188-3. — Hansen,  II.  ./.,  Phyllopoda  and  Cirripedia.  Plankton  E.\- 
pedition,  1895. 

B.  Fossil  Forms. 

Jones,  T.  R.,  On  Fossil  Estheriae  and  their  Di.stribution  (Quar.  .lourn.  Geol.  Soc.,  XIX.),  1863. 
— Monograph  of  the  Fossil  Estheriae  (Palaeontogr.  Soc.),  1862. — 5th  and  7th  Repts.  Comm. 
British  Assoc.  Adv.  Sci.  on  Fossil  Phyllopoda,  1887-89. — Geol.  Mag.  Sept.  1890,  Feb.  1891,  Bee. 
1893,  July  1894. — Trans.  Geol.  Soc.  Glasgow,  IX.,  1890. — Clarke,  J.  J/..  New  Devonian  Phyllopods 
(Amer.  Journ.  Sci.,  XXIII.),  1882. — Hall,  J.,  and  Clarke,  J.  M.,  Palaeontology  of  New  York,  VII., 
p.  206,  1888. — Bernard,  H.  M.,  Fossil  Apodidae  (Nat.  Sci.,  XL),  1897. — Schuchert,  C.,  On  the 
fossil  Phyllopod  genera  Dipeltis  and  Protocaris  (Proo.  U.  S.  Nat.  Mu.s.  XIX.),  1897. 
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is  seldom  well  deliiied;  Imt,  on  the  other  huiid,  the  head  is  sharjily  demareated 
from  the  rest  of  the  body,  and  is  usually  jirovided  uith  two  pairs  of  antennae 
and  two  large  eyes,  in  addition  to  whieh  there  is  often  a small  unpaired  eye. 
Aliout  the  mouth  are  the  large  upper  lip  {hijfustoiiia),  two  broad  cornute 
mandibles  without  palps,  one  or  two  pairs  of  maxillae,  and  often  a lower  lip 
in  the  form  of  two  elevations  below  the  mandible. 

To  the  thora.x  are  attached  foliaceous,  overhqiping,  luramous  legs  ; these 
usually  occur  inconsiderable  numbers,  and  while  rarely  more  than  eight  pairs, 
they  may  vary  from  four  to  forty,  and  become  smaller  posteriorly,  d'hey 
serve  for  swimming  and  grasjiing,  and  as  a rule  are  suiiplied  at  the  base  with 
respiratory  tubes.  The  abdomen  is  partly  without  legs  and  freipiently  ends 
in  a segment  Ijent  down  or  recurved,  and  furiushed  with  two  claw-shaped  or 
ex[)anded  caudal  appendages.  All  Phyllopods  have  the  sexes  distinct.  The 
males  are  usually  much  less  numerous  than  the  females,  and  the  latter  produce 
chiefly  by  parthenogenesis. 


Order  1.  BRANCHIOPODA.  Latreille. 

Ten  to  fort  If  or  more  pairs  of  leaf-like  fn  t ; carapace,  ichen  present,  shield-shaped  or 
hiralred ; in  the  latter  case  caclosinij  the  a-holc  hod ij  and  capuhle  of  hciiuj  closed  laj  a 
tra nsrersc  addiictnr  ma.scle. 

Recent  Brancliiopods  are  almost  e.whisively  iidiahitants  of  fresli  or  brackisli  water, 
tlie  excej)tions  being  found  in  strong  brine,  as  in  (treat  Salt  Lake,  etc.  The  males  are 
usually  les.s  munerons  than  the  females,  and  in  tlie  case  of  some  .sj>ecies  several  years 
may  pass  without  tlieii-  appearance,  the  females  rejiroducing  ])artheuogenetically. 


Family  1.  Limnadiidae,  Raird. 

t'araparc  hirul red , contai n i mj  the  vhole  hodij,and  closed  hy  a transverse  adductor 
muscle.  Antrnnam  ircll  developed  ; eyes  .sessile  ; thoracic  leys  in  ten  to  iwenty-etyht  pairs, 
the  first  one  or  tiro  pairs  in  the  male  forminy  claspiny  oryans.  Ahdomen  small, 
u'lthont  a yprndayes,  and  terminated  hy  a pair  of  caudal  processes. 

Kstheria,  Riijijiel  (Figs.  1 1 IR53).  Shell  c(»m]>osed  of  two  thin  rounded  valves, 

-I  /; 


I'lr:.  1332. 

l■'..ah•T'm  //M/iiCa,  Alberti.  Lettciikolile  Delo- 
iiiite;  Sinsbeim.  B:ulen.  .1,  '/i.  }i,  'Vi.  a. 

Portion  of  tlie  exterior,  ■s'l\. 


l■■Io,  1333. 

JCstticrin,  .s p.  Inilet.  JjOxver 
barren  Coal  Measures;  Carrollton, 
Oblo.  Unibonal  portion  sbowiii)' 
niuscnlar  or  nuclear  node,  r>/]. 


tuiited  by  a slniiglit  toothless  margin.  External  surface  concentrically  ridged  or 

striated,  and  between  the  ridge.s  are  more  or  less  regularly  interlacing  or  branching 
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Fig.  1334. 

A,  Leo.ia  Leiclyi,  Jones.  Coal  Measures ; Potts- 
ville,  Pennsylvania.  B,  L.  Baentschianc,  Geinitz. 
Coal  Measures ; Xeunkirclien,  near  Saarbriicken 
(after  GoWeiiberg). 


striae.  The  latter  character  serves  to  distiiigui.sh  this  genus  from  Posidonomya 
(p.  371).  The  beaks  are  not  sharply  defined,  and  the  primitive  portions  sometimes 
bear  a strong  ocular  or  muscular  node. 

This  genus  has  numerous  fossil  representatives,  being  fiist  met  with  in  the  Devon- 
ian, and  occurring 
mostly  in  brackish 
and  shore  deposits. 

It  abounds  in  the 
productive  Coal 
Measures,  in  the 
Permian,Trias  (Let- 


tenkohlen  m e r ge  1), 
and  Wealden,  and 
has  been  found  in 
the  Pleistocene 
Clays  of  Canada. 

Leaia,  Jones 

(Fig.  1334).  Carapace  marked  by  one  or  two  diagonal  ridges  which  run  from  the 
anterior  end  of  the  dorsal  margin  toward  the  lower  margin.  Carboniferous  ; Euroiie 
and  North  America. 

Estheriella,  Weiss.  Carapace  as  in  Estheria,  but  with  radial  riblets  crossing  the 
concentric  striae.  Permian  ; Russia.  Bimtersandstein  ; Saxony. 

Schizodiscus,  ClRvke  (Fig.  133.5).  Carapace  peltate,  with  a straight  hinge  which  is 
in  the  major  axis  of  the  .shield.  Each  valve  nearly  a semicircle  ; 
surface  marked  with  concentric  ridges.  ^liddle  Devonian ; 
New  York. 


Fig.  1335. 
SchizodiscKS  capso 


Hamilton  ; 
York.  -j\. 


Clarke. 
Centertield,  New 


Family  2.  Apodidae.  Burmeister. 

Eyes  sessile  and  head  v;itli  a large  shield -like  carapace 
extending  over  the  thoracic  segments;  antennulae  large  and 
triflagellate ; antennae  greatly  reduced,  except  in  the  larva. 
Thorax  icith  thirty  to  forty  pairs  of  foliaceovs  feet ; segmented, 
abdomen  without  appendages  save  a pair  of  caudal  filaments. 


Frotocat'is  ^ra■l■shi,  M’ai-  Protocaris,  Walcott  (Fig.  1336).  The  oldest  representative 
Veniion?'”^^^^  Georgia,  Apits-type,  and  exhibits  a remarkable  similarity  to  Apus 

in  its  univalve  carapace,  multi-segmented  abdomen,  and  single 
pair  of  caudal  spines.  Lower  Cambrian  ; Yermont. 

Apus,  Schiiff.  (Lepidurus,  Leach).  Characters  of  the  family.  Trias  to  Recent. 


Family  3.  Branchiopodidae.  Baird. 

P[ead  distinct,  eyes  stalked ; carapace  uxinting.  Thorax  with  eleven  to  nineteen  pairs 
of  foliaceous  feet ; abdomen  terminating  in  two  caudal  processes. 

Bran chipod.it es.  Woodward.  Similar  to  the  recent  Branchipus.  Oligocene  of  Bem- 
bridge.  Isle  of  Wight.  {B.  vectensis,  Woodw.) 

Anomalocaris,  Whiteaves.  This  name  has  been  applied  to  bodies  from  the 
Cambrian  of  British  Columbia  which  resemble  the  segmented  alxlomen  of  a Branchio- 
pod,  each  segment  bearing  a pair  of  lamellate  appendages.  Although  the  objects 
abound  where  found,  nothing  is  known  of  the  carapace,  nor  is  there  any  evidence  of 
the  surface  markings  which  characterise  most  Crustacean  shields.  Its  affinities  are 
doubtful. 
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Order  2.  CLADOCERA.  Milne-Edwards. 

Pliyllopods  with  tdvalve  »hell  xchich  partialhj  or  entirely  encloses  the  body;  antennae 
large,  forming  swimming  organs  ; four  ptairs  of  leaf -like  thoracic  feet. 

Tliese  liave  not  yet  been  re  ogiiised  with  eeitainty  in  the  fossil  state.  Possildy, 
liowever,  Lynceites  ornatus,  Goldeiiherg,  from  tlie  Carhoniferous,  belongs  here. 


Super-Order  2.  COPEPODA.  Latreille. 

Body  elongate,  usually  dislincily  segmented,  the  anterior  somites  being  fused,  the 
posterior  thoracic  ones  free.  Both  pairs  of  antennae  icell  developed  ; four  or  jive  pairs 
of  hiramous  thoracic  feet.  Abdomen  short  or  long,  without  appendages  except  for  a 
long  caudal  pair. 

The  Copepoda  are  without  representatives  in  the  fossil  state. 

Super-Order  3.  OSTRACODA.  Latreille.^ 

Small,  indistinctly  segmented  Crustacea  completely  enclosed  in  a horny  or  calcareous 
bivalve  shell.  Only  seven  p>uirs  of  appendages  present — two  of  aidennae,  one  of 
mandibles,  two  of  maxillae,  and  two  pairs  of  thoracic  feet.  Abdomen  short  and 
rudimentary. 

As  a rule  only  the  bivalve  shell  of  the  Ostracoda  is  fotind  fossil,  ami  since 
the  classification  is  Ijased  principally  upon  characters  presented  by  the 
ajipendages,  the  relations  of  recent  to  fossil  forms  cannot  be  made  out  with 
certainty,  especially  as  the  form  and  ornamentation  of  the  shell  are  largely 
independent  of  the  internal  organisation. 

The  valves  are  closed  by  a sub-central  adductor  muscle,  the  attachment  of 
which  is  marked  on  their  inner  sides  by  a tubercle,  pit,  or  a number  of  small 
spots.  The  shell  is  compact  in  structure,  commonly  from  1 mm.  to  4 mm.  in 
length,  although  sometimes  exceeding  20  mm.  The  outer  surface  may  be 
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E.,  Monograpliie  der  Ostracoden  des  nordwestdeutshen  Tertiiirs  (Zeitschr.  deutsch.  geol.  Ges.,  XLVI.), 
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smooth  and  glossy,  or  granulose,  pitted,  reticulose,  striate,  hirsute,  or  other- 
wise marked,  the  effect  being  often  quite  ornamental.  The  two  valves  may 
be  of  equal  size  {Beyrichia),  or  more  or  less  unequal,  with  either  the  right  or 
left  valve  overlapping  at  the  ventral  border  only  {Leperditia),  or  at  the  dorsal 
border  as  well  (Bairdia),  or  in  some  cases  overlapping  all  round  (Cytherella). 

Most  commonly  the  outline  is  ovate  or  reniform  ■ in  many  cases,  however, 
one  or  both  ends  may  be  pointed  or  drawn  out  in  the  form  of  a beak  ; and 
when  the  dorsum  is  straight,  the  ends  may  join  it  angularly.  Although 
usually  convex,  the  ventral  margin  is  sometimes  straight  or  gently  concave. 
It  is  sometimes  impossible  to  distinguish  between  anterior  and  posterior 
extremities,  but  as  a rule  the  posterior  half  is  somewhat  thicker  than  the 
other,  even  though  of  equal  or  of  lesser  height.  The  hinge  line  may  be 
straight  or  arcuate,  the  hinge  itself  being  generally  simple,  although  among 
the  Cytheridae  hinge  teeth  and  corresponding  sockets  are  often  developed. 
There  are  commonly  a small  median  and  two  larger  lateral  eyes  ] the  position 
of  the  latter  being  often  indicated  on  the  exterior  of  the  valves  by  a small 
“ eye  tubercle,”  or  ocular  spot. 

Save  for  one  or  two  families  (Cypridae),  Ostracods  are  almost  wholly 
restricted  to  marine  or  brackish  water.  They  are  gregarious,  and  occur  in 
vast  hordes  swimming  near  the  surface  or  creeping  over  the  bottom,  preferring 
usually  shallow  depths.  Their  remains  abound  in  nearly  all  the  leading 
formations,  and  are  often  important  rock  - builders.  The  identification  of 
fossil  Ostracods  is  very  difficult  on  account  of  their  similarity  of  form  and 
oi’iiamentation,  and  usually  minute  size ; and  they  cannot  be  well  intercalated 
among  the  recent  series  for  reasons  already  given.  An  arrangement  of  the 
families  into  higher  groups  is  not  attempted  here,  and  only  the  more 
representative  genera  can  be  noticed. 


Family  1.  Leperd.itiid.ae.  Jones. 

Thick-shelled  Ostracoda,  mostly  of  considerable  size.  Valves  smooth  ■ and  glossy,  of 
very  compact  structure,  a*id  in  general  regularly  convex;  hinge  line  straight;  anterior 
and  posterior  ends  obliquely  truncated  or  rounded,  and  neither  gaping  nor  excised. 

Leperditia,  Rouault  (Fig.  1337).  Shell  sub-oblong  with  an  oblique  backward 
swing,  from  2 mm.  to  22 
mm.  long ; dorsal  edge 
straight,  generally  an- 
gular at  the  extremities  ; 
ventral  outline  rounded. 

Valves  unequal,  the 
right  larger  and  overlap- 
ping ventral  edge  of  the 
left.  Surface  often 
corneous  in  appearance, 
smooth,  an  1 eye  tubercle  generally  present  on  the  antero-dorsal  quarter.  A large 
rounded  sub-central  muscular  imprint  present  on  interior.  Ordovician  to  Carboniferous. 

Leperditella,  Ulrich.  Similar  to  above,  but  the  left  instead  of  right  valve  is  the 
larger,  and  has  a groove  within  its  ventral  border  for  receiving  simple  edge  of  the 
right.  Eye  tubercle  wanting.  Length  1 mm.  to  3 mm.  Ordovician. 

Isochilina,  Jones  (Fig.  1338).  Like  Leperditia  except  that  the  vah^es  do  not  over- 
lap but  are  equal  in  every  respect.  Ordovician  and  Silurian. 


Fig.  1337. 

Leperditia  Hisinge-ri,  Schmidt.  Silurian  ; 
Wisby,  Gottland.  i/i- 


Isochilina  gigantea,  Roemer. 
Silurian  erratic ; Lyck,  East 
Prussia.  2/3  (after  F.  Roemer). 
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Apurcliiten,  .Joues.  Shell  not  over  3 nmi.  in  length,  equh'alve,  sub-ovate  or  oblong  ; 
ventral  edge  thickened,  often  bevelled.  Ordovician  and  Silurian. 


Family  2.  Beyrichiidae.  .Jone.s. 


Small  equivalvc  Udrucoda  with  a loiuj  Mraiqht  hii\<je.  Shells  rerticalhj  snlcafed  and 
more  or  less  lohate,  varying  from  forms  haviny  a sinqile  median  depression  to  others  in 
v.-hich  the  surface  of  the  valves  is  raised  into  numerous  low  lohes,  ridyes  or  nodes. 


Primitia,  Jones  and  Holl  (Fig.  1339).  Valve.s  ovate  or  oblon 
rounded,  not  over  2 nnn.  long.  'Well-marked  sub-central  j)it  or 


c 

ulcus 


ventral  margin 


ivith  furrou’ 

e.vtending  to  hinge  line.  Cambrian  to  Carboniferou.s. 

IHcranella,  Ulrich.  Ditfers  from  Primitia  in  having  long 
horn-like  diverging  jjrominence.s  on  one  or  both  sides  of  the 
central  .sulcus.  (Jrdovician. 

Aechminu,  Jones  and  Holl.  Like  Primitia,  but  having 
instead  of  the  sulcus  a single,  sometimes  enormoiLsly  developed 
horn-like  proce.ss.  Ordovician  to  Devonian. 

Eurychilina,  Ulrich.  Oblong  or  semi  - elliptical  shells 
ha\’ing  a snlj- central  Primitian  sulcus,  the  ])osterior  edge  of 
which  is  often  raised  in  to  a small  rounded  node.  Anterior, 
ventral,  ami  posterior  margins  provided  with  a wide,  often  radially  marked  frill-like 
border.  Ordovician. 


I-'IO. 

Pnmitlo  jtrv.ncVa,  Barr. 
Silurian  (E) ; Kniiigsliof, 
B'lhemia  (after  Barniinle). 


Kloedinia,  Jones  and  Holl.  Intermediate  lietween  Primitia  and  Beyrichia.  Its 
more  or  le&s  well-defined  small  lobe  between 
the  two  sulci  re])i'esents  the  median  lolje 
of  Beyrichia.  Ordovician  to  Devonian. 

Beyrichia,  IM'Coy  (Figs.  1340,  1341). 

Typically  the  valves  have  three  lolies  or 
nodes,  of  which  the  central  one  is  the 
smallest,  and  commonly  (piite  isolated  from 
the  other  two.  The  outer  ones  are  some- 

Klnilen 

times  connected  ventmlly,  and  are  not  lirande 
infre'piently  broken  up  into  sets  of  smaller 
nodes;  occasionally  all  of  them  are  united  below.  Onlovician  to  Carboniferou.s. 

Tetradella,  Ulrich.  Valves  marked  by  four  more  or  less  curved  vertical  ridges 
whicb  are  ventially  united  ; one  or  both  of  the  inner  ridges  sometimes  duplex,  or  all 
foul-  may  be  sj)lit  u]>  into  separate  node.s.  Ordovician  and  Silurian. 

Ceratiyisis,  b^lrich.  Distinguished  from  the  last  by  the  I’emarkable  process  which 
ari.^es  from  the  extremity  of  ]>osterior  ridge.  This  may  be  straight  and  horn-like  with 
one  of  the  edges  toothed,  or  exi)andeil.  Ordovician. 

Bollia,  Jones  and  Holl.  Valves  with  a central  looped  or  horseshoe-shaped  ridge, 
the  free  u])j)er  extremities  of  which  are  often  bulbous.  Ordovician  to  Carboniferous. 

Jtrepanella,  Ulrich.  Valves  depressed  comex,  sub-oblong,  with  a more  or  les,s  com- 
plete, often  sickle-shaped,  shai-ply  elevated  marginal  ridge,  within  wdiich  the  surface 
exhibits  two  or  more  usually  distinct  nodes.  Ordovician. 


I'ld.  nnu. 

h in  f n here uln  tn, 
Silurian  erratic  ; 


Fir;.  1341. 

Heinrich  in  linhem  icn , 
Barr.  Ordovician  ; 
Vinice,  Bohemia. 


Family  3.  Cytheridae.  Zenker. 

Minute  shells  of  yenerally  elonyate-oval,  rr.niform,  or  su.h-quadrate  outline,  and  of 
dense  structure.  Surface  .smooth,  punctate,  nodulose,  striate  or  spinose ; hinye  yenerally 
denticulated , the  riyht  valve  with  two  teeth  in  most  cases,  and  the  left  vjith  correspondiny 
pits. 


SUPER-ORDER  III 


OSTRACODA 


645 


1343).  Shell  reiiiforni  or  sul> quadrate,  usually 


Cythere,  Muller  (Figs.  1342, 
widest  iu  front ; surface 
ornamented  with  punctae, 
nodes,  si>ines,  and  ridges ; 
hinge  teeth  strong,  placed 
one  at  each  end  of  a hori- 
zontal bar  which  tits  into  a 
corresjionding  furrow  and 
sockets  of  the  left  valve. 

In  the  sub-genus  Gijfhereis, 

Jones  (Fig.  1344),  the  con- 
necting bar  of  the  hinge  is 
wanting.  Cretaceous  to 
Recent. 

Cytheridea,  Boscp  (Fig. 

1345).  Differs  from  Cythere  in  having  hinge  be.set  with  row  of  small  teeth  in  right 


Cutliere  Edwardsi,  Roein.  sp. 
Miocene ; Leogiian,  near  Bor- 
deaux. --/i  (after  Boscxuet). 


Fig.  1343. 

Cjilhcrc  Dtinehideufiis,  Norman. 
Pleistocene ; .Jordan  Hill,  Eng- 
land. .4,  Interior  of  left  valve. 
H,  Exterior  of  right  valve,  en- 
larged (after  Brady). 


Fig.  1344. 

Cytherds  quadrilatem,  Roenier.  Gault ; Folkestone.  2-iq  (after  X.  Rupert  .Jones). 


valve,  often  interrupted  iu  the  middle,  and  with  corresponding  pits  in  the  left.  Jura 
to  Recent. 

Cytherideis,  Jones.  Shell  more  or  le.ss  triangular.  Surface 
smooth,  pitted  or  tulierculate  ; hinge  simple.  Cretaceous  to 
Recent. 

Family  4.  Thlipsuridae.  Jones. 

Minute,  reniform,  or  ovate  inequivalve  shells,  the  margin  of  one 

valve  overlapping  that  of  the  other  more  or  less  completely ; dorsal 

MUnst*^**'sp  Eocen?  margin  etrcuate,  ventral  sometimes  straight  or  slightly  sinuate. 

Colwell  Bay,  England.  Surface  with  two  or  more  definite  pits. 

--h  (after  Jones). 

Thlipsura,  Jones  and  Holl.  Each  valve  generally  with  three 
pits,  one  posterior  and  two  in  the  anterior  half.  No  ornament.  Silurian. 

Octonaria,  Jones.  Differs  from  the  last  in  having  the  surface  of  valves  raised  into 
a thin  spiral  or  annular  ridge  which  in  more  typical  forms  is  8-shaped.  Silurian  and 
Devonian. 

Phreatura,  Jones  and  K.  Distinguished  from  Thlipsura  by  the  strong  compression 
of  posterior  end  of  shell,  which  is  further  marked  by  a shallow  semicircular  pit ; a 
similar  but  smaller  pit  ju'pseut  at  anterior  e.xtremity.  Carboniferous. 


Fig.  134.5. 


Family  5.  Cypridae.  Zenker. 

Minute,  mostly  reniform  or  elongate-ovate,  corneous  or  corneo-calcareous  shells,  with 
thin,  someivhat  unequal  valves,  one  overlap>ping  the  other  either  ventrally  or  dorsally  or 
both. 

Recent  Cypridae  are  chiefly  fresh-water  inhabitants,  but  this  is  true  in  a lesser 
degree  of  the  fossil  forms.  All  the  Palaeozoic  representatives  are  marine,  excepting 
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pviliaps  certain  Carljoiiif'erous  species.  Fossil  remains  are  extraordinarily  profu.se  in 
certain  deposits,  and  the  family  is  an  important  rock-huilder. 

Palaeocypris,  Brongt.  Shell  0'5  mm.  long,  snh-ovate,  smaller  posteriorly  than  in 
front  ; surface  grannlose  and  finely  hirsute  in  doi'sal  region.  Carhoniferou.s. 

Cupris,  Miiller  (Fig.  1346).  Shell  reniform  or  oval,  thin,  translucent,  smooth  or 
j hirsute,  often  punctate ; hinge  edentulous,  somewhat 

thickened  ; ventral  margin  often  sinuate.  Tertiary  to 
Recent. 

' Cypridea,  Bosip  (Fig.  1347).  Like  Cypris:,  but  with 


Fic.  131(1, 


Cypris  faha,  Desin.  Miocene; 
Oeniii<(eii,  Switzerland.  A,  Side,  and 
A',  Dorsal  view.  (after  Bosquet). 
C,  Valves  coinjiosing  fresh -water 
limestone  at  Xurdlingen. 


Fio.  1347. 

CypriAen  U'oldcnsis, 
Sowb.  Wealden  ; Ober- 
kirchen,  Hanover. 


Kio.  1348. 

Jlnirdia  rurta,  M‘Coy. 
(’arlioniferous  liimestone ; 
Ireland.  lo/j  (after 
Kirkby). 


small  hook-like  projection  at  the  antero-ventral  angle.  Purbeck  and  Wealden. 

llairdia,  M'Coy  (Fig.  1348).  Shell  sub-triangnlar  or  rhomboidal,  u’ith  the 
greatest  height  near  the  middle,  generally  smooth,  both  extremities  narrowly  rounded 
or  jiointed.  Dorsal  margin  more  or  less  strongly  convex  ; hinge  formed  bj- overlap- 
ping edge  of  left  valve.  Ordovician  to  Recent  ; maximum  in  Carboniferous. 

lUythonypris,  Brady.  Shell  smooth,  reniform,  ovate  or  ellijitical  ; left  valve  over- 
lapping the  smaller  right  vah  e usually  on  both  dor.^al  and  ventral  mai'gins.  Tyiiically 
Recent,  but  a number  of  Palaeozoic  forms  have  also  been  a.ssigned  to  this  genus. 

Macroajprix,  Brady.  Similar  to  the  last,  but  generallv  more  elongate,  posteriorly 
more  acuminate,  and  right  valve  larger  than  the  left.  Oi'dovician  and  Silurian  ; 
Jurassic  to  Recent. 

Pon(ocypris,  Sars.  Like  ISythocypris,  except  that  shell  is  very  delicate,  and  hinge 
simjde  without  overlaj).  Silurian,  Carboniferous,  Pleistocene,  and  Recent. 


Family  6.  Cytherellidae.  Sar.s. 

Family  characters  chief  y zoological.  Shell  minute,  inetiuivctlve,  thick,  calcareous,  not 
notched  anteriorly. 

Cythcrclla,  Jones  (Fig.  134!)).  Shell  oblong  or  sub-ovate,  compre.ssed  in  front; 
surface  generally  smooth,  but  sometimes  undulating  and  marked 
with  j)ils  and  granule.s.  Contact  margin  of  the  larger  right  valve 
grooved  for  recejition  of  flange -like  edge  of  smaller  left  valve. 

Ordovician  to  Recent. 

Cytherellina,  Jones  and  lloll.  Silurian.  1 Pachydomella, 

Ulrich.  Devonian.  Jiosquctia,  Brady.  Recent. 

Family  7.  Entomidae. 

Shells  relatively  short,  strongly  convex,  reniform,  orate  or  rounded 
quadrate,  suh-equivalve,v:ith  a more  or  less  well-marked  depression  near 
the  middle  of  dorsal  region.  Surface  sculpture  concentric  or  radiate. 

An  few  A,  Jones  (Figs.  1350,  1351).  Shell  sub-ovate  or  fabiform  ; valves  with  a 
slightly  curved  sub-median  vertical  furrow  extending  to  hinge  line ; in  front  of  furrow 
occasionally  a rounded  tubercle.  Surface  marked  generally  with  raised,  concentric. 


Cytherella  compreMa, 
Miinst.  .sp.  Oligocene; 
Riippelmonfle,  Belgium. 
22/j  (after  Bo.squet). 
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transverse  or  longitudinal  lines. 
Devonian. 

Entomidella,  Jones.  Like 
Entomis,  but  with  furrow  extending 
entirely  across  the  valves  to  ventral 
edge.  Cambrian  to  Silurian. 

Elpe,  Barr.  Shell  reniform, 
3 mm.  to  7 mm.  long,  with  depres- 
sion just  behind  the  middle  of  dorsal 
slope ; posterior  half  sometimes 
strongly  inflated.  Delicate  radial 
ornament.  Ordovician  and  Silurian. 


Ordovician  to  Carboniferous ; very  profuse  in 

A B 


Fig.  1351. 


p,  Entomis  serrato-striata,  Sandb, 

Family  8.  Cypridinidae.  Sars.  sp.  Upper  Devonian ; Weilburg, 

Entomis  pelagica,  Barr.  Nassau.  Fragment  of  matrix, 
cY,  7,  . 7 7 77.  ..  7 , Lower  Devonian  (F):  Vi-  B,Yentral  and  lateral  aspects, 

bhells  equivalve,  SUb-eUiptlcaL  to  Konieprus,  Bohemia.  5/^,  C,  Impression  of  valve,  s/j. 

ohlong,  convex,  smooth  or  punctate, 

and  sometimes  ribbed,  especially  in  posterior  half.  Anterior  end  ivith  a notch  and  hook- 
like hood  overhanging  an  opening  left  between  edges  of  valves  for  protrusion  of  the  lovoer 
antennae;  posterior  extremity  frequently  acuminate. 


Cypridina,  Milne-Edw.  (Fig.  1352).  Shell  generally  acuminate,  oviform,  rarely 
oblong ; antero-dorsal  edge  projecting  beak-like  over  the  strongly  defined  notch ; 
muscle  spot  large,  sub-central,  often  visible  on  exterior.  Ordovician  to  Recent. 

Cypridinella,  J.  K.  and  B.  Like  Cypridina,  but  having  the  antero-ventral  region 
projecting  somewhat  prow-like  and  generally  beyond  the  liook.  Carboniferous. 


Fig.  1352. 

Cypridina  primaeva,  de  Kon. 
sp.  Coal  Measures ; Braid- 
wood,  England,  r/j  (after  J. 
K.  and  B.). 


Fig.  1353. 

Cypridella.  iVrightii,  J.  K.  B.  Carbon- 
iferous Limestone  ; Cork,  Ireland.  8/j  (after 
J.  K.  and  B.). 


Fig.  1354. 

Cyprella  chrysalidea,  de 
Kon.  Carboniferous 
Limestone ; Cork,  Ire- 
land. 4/1  (after  J.  K. 
and  B.). 


Cypridellina,  J.  K.  and  B.  Differs  from  the  last  in  having  a tubercle  or  lump 
above  the  centre  of  the  valve.  Carboniferous. 

Gypridella,  de  Kon.  (Fig.  1353).  Like  Cypridellina  except  that  it  has  a curved 
sulcus  behind  the  tirbercle.  Carboniferous. 

Cyprella,  de  Kon.  (Fig.  1354).  Shell  much  as  in  the  last,  but  annulate.  Carboni- 
ferous. 

Sulcuna,  Rhombina,  J.  K.  and  B.  ; Cyprosis,  Cyprosina,  Jones.  Palaeozoic. 


Family  9.  Entomoconcliidae. 

Shell  sub-globose,  more  or  less  inequivalve ; front  edge  truncate  and  with  central 
portion  of  margin  inturned  so  as  to  leave  a simple  or  sinuate  slit.  Beak  not  develop>ed. 

Entomoconchus,  M‘Coy  ; Offa,  Jones,  Kirkby  and  Brady.  Carboniferous. 


Geological  Range  of  the  Ostracoda. 

Undoubted  Ostracoda  are  first  met  with  in  the  Upper  Cambrian,  and  certain 
problematical  remains  indicate  that  they  were  initiated  even  earlier.  Their  post- 
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CaiiiLrian  evolution  was  very  iai»id,  and  during  tlie  Ordovician  they  tlourislied  as 
greatly  as  at  any  suhse(|uent  iieriod.  The  j)revailing  Ordovician  and  Silurian  types 
belong  to  the  LqtenUtiidae  and  Ileyrichiidai',  although  toward  the  close  of  the  Silurian 
numerous  Cijpridae  make  their  apjjearance. 

Devonian  Osfmcoda  are  less  numerous,  but  manifest  essentially  the  same  types  as 
in  the  earlier  periods.  Here,  however,  the  larger  L<>perditiidae  are  entirely  wanting. 
Although  many  small  .species  of  archaic  genera  persist  in  the  Carboniferous,  the  aspect 
of  the  fauna  is  changed  by  the  strong  development  of  Cijpn'iudae.  Thereafter  but  a 
meagre  rejiresentation  of  Ostracods  is  met  with  until  the  Cretaceous,  when  certain 
genera,  e.sjjecially  Cijthere,  develoj)  a surprising  variety  and  wealth  of  species.  Little 
difference  can  be  detected  between  Tertiary  Ostracods  and  their  modern  descendants. 

[The  above  generic  diagnoses  of  Oslracoda  have  been  abridged  from  a more  extended  dis- 
cussion of  tile  group,  prejjared  for  this  work  by  !Mr.  E.  O.  Ulrich,  of  Xewport,  Kentucky. — 
Tk.vxs.] 


Super-Order  4.  CIRRIPEDIA.  Barnacles.  Latreille.^ 

Sessile,  mostUi  liermaphroditic  animals,  enclosed  in  a membranous  manfle  which 
is  often  covered  with  calcareous  plates.  Bodij  attached  In/  the  anterior  extremiti/  of  the 
head;  ohscHrehj,  and  at  times  not  at  all  segmented ; posterior  portion  with  at  most 
six  pairs  of  divided  legs  or  cirri,  which,  however,  mag  he  fewer  in  number  or  altogether 
absent. 

The  typical  ami  best  known  Cirripedes  (Balanidue  and  Ixpadidae)  diti’er  so 
widely  from  all  other  Crustacea  in  their  e.xternal  form,  solid  calcareous  shells, 
slightly  developed  resiiiratory  and  sensory  organs,  and  especially  in  their 
hermaphroditic  sexual  apparatus,  that  until  18.30  they  were  commonly  classed 
with  the  Jlollusca.  Abottt  this  time  J.  V.  Thompson  and  Hurmeister  showed 

' Literature  : A.  Recent  Forms. 

Th<wij}S(m,  ./.  r.,  Zoological  Researclies  and  lllustration.s.  1.  Cork,  1830. — Discovery  of  the 
Jletaiiiorpho.sis  in  the  Lep.ades,  etc.  (Phil.  Trans.  Roy.  Soc.,  I’t.  2),  1835. — linnaeister,  II.,  Beitriige 
zur  X.aturgescliicbte  iler  Rankenfii.s.sler.  Berlin,  1834. — Mortin-Saint-A  wjc,  <!.  ./.,  .Menioire  sur 
I'organisation  des  Cirripedes  (Mein.  Savans.  iTrang.  Acad.  Sci.  Paris,  VI.).  1835. — hurwin,  C., 
A Monograph  of  the  Sub-Class  Cirripedia  (Ray  Soc.,  I.,  II.),  1851-54. — llnek,  P.  /'.  (J.,  Report  on 
the  Cirripedia  (Re]it.  Challenger  E.vped.,  Zook,  VIII.,  X.),  1883-84. — Anrivillins,  (J.  IP.  ,S'.,  .Studieu 
iiber  Cirripeden  (K.  Svensk.  Vetensk.  Akad.  Handl.,  XXVI.,  No.  7),  1893. — Groom,  T.  T.,  On  the 
Early  Development  of  the  Cirripedia  (Phil.  Trans.  Roy.  Soc.,  185),  1894. — Hansen,  //. ./.,  Phyllojioda 
and  Cirrijiedia.  Plankton  Expedition,  1895. 

B.  Fossil.Forms. 

Smeerhj/,  and  J.  <le  C.,  The  Miner.al  Conchology  of  Creat  Britain.  London,  1812-30. — 
Roerner,  F.  A.,  Die  Versteinernngen  des  norddeutschen  Kreidegebirges.  Hanover,  1840-41. — 
Jjnririn,  C'.,  A Monograph  of  the  Fossil  Lepadidae  of  Great  Britain  (P.alaeont.  Soc.),  1851. — A 
Monograph  of  the  Fossii  Balanidae  anil  Verrucidae  of  Great  Britain  (diiil.),  1854. — Bos(inet,  ./., 
Monographie  des  Crustaees  fossiles  du  terrain  eriRace  du  Duche  de  Limbonrg  (Mem.  Conimiss.  Carte 
geol.  Nederlande),  1854. — Notice  .sur  quelques  Cirripedes  recemrnent  deeouverts  dans  les  terrains 
cretace  du  Duche  de  Limbourg.  Haarlem,  1857.  — Rcuss,  A.  K.,  Ueber  fossile  Lepadiden 
(Sitzungsber.  Akad.  Wiss.  Wien.,  XLIX.),  1804. — Woodward,  11.,  On  Tnrrilepas,  etc.  (Quar.  .Journ. 
Geol.  Soc.,  XXL),  1805. — Jincra nde,  J.,  Systi-me  Silurien  du  centre  de  la  Boheine.,  I.  Sujipl.  1872. — 
So/nenza,  G.,  Ricerche  palaeontologiche  intorno  di  Cirripedi  terziarii  della  Provincia  di  Messina, 
Pts.  L,  II.  Na])les,  1873-70.  Alarsson,  J.,  Die  Cirripeden  und  Ostracoden  der  wei.ssen  Schreib- 
kreide  der  Insel  Riigen  (Mittheil.  naturw.  Ver.  Neu-Vorpommern  und  Riigen,  XII. ),  1880. — ZiiieJ, 
K.  ,1.,  Bemerkungen  iiber  einige  fossilen  Lepaditen  aus  deni  lithographischen  Schiefer  und  der  oberen 
Kreide  (Sitzungsber.  Bayer.  Akad.  Wiss.,  XIV.),  1884. — Faher,  C.  L.,  Remarks  on  some  Fossils  of  the 
Cincinnati  Group  (.lourn.  Cincin.  Soc.  Nat.  Sci.,  IX.),  1887. — Hull,  J.,  and  Clarke,  J.  M.,  P.alaeon- 
tology  of  New  York,  VII.  ]>.  209,  1888. — Clarke,  J.  M.,  Notes  on  certain  Fossil  Baniacles  (Amer. 
Geol.,  XVII.),  1890. — Matlhcw,  G.  F.,  On  occurrence  of  Cirripeds  in  the  Cambrian  (Trans.  N.  Y. 
Acad.  Sci.,  XV.),  1890. — Lorjan,  IP.  A'.,  Cirripeds  from  Cretaceous  of  Kansas  (Kansas  Univ.  Quar., 
VI. ),  1897. 
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that  these  Cirripedes  pass  through  a nauplius  stage,  and  that  directly  before 
attachment  both  Balanus  and  Lej)as  undergo  a Cj/pris-stuge,  thus  showing  vei’y 
clearly  their  relation  to  the  Eucrnstacea. 

All  Cirripedes  are  marine  animals.  Those  with  calcareous  shells  attach 
themselves  to  stones,  wood,  mollusks,  crabs,  corals,  and  sea  plants,  and  often 
cover  rocky  coasts  in  myriad  numbers.  Some  genera  {Coronula,  ChenoloUa) 
embed  themselves  in  the  thick  skin  of  whales  and  dolphins  ; some  (Pyrgoma, 
Palaeocreusia)  bore  into  corals  or  shells  of  mollusks,  and  others  lead  a parasitic 
existence  in  the  abdominal  cavity  of  Decapods  or  within  the  shells  of  other 
Cirripedes.  Most  barnacles  inhabit  shallow  water,  but  certain  genera  occur 
at  great  depths,  from  1900  to  2000  fathoms  {Sralpellum,  J^ermca).  Many  of 
the  living  families  are  naked,  and  naturally  only  those  possessing  shells 
(Thoracica)  have  left  fossil  remains,  although  some  of  the  tubular  cavities  in 
molluscan  shells  may  have  been  perforated  by  naked  Cirripedes.  Fossil 
forms  occur  sparingly  in  the  older  strata,  and  do  not  become  abundant  until 
near  the  close  of  the  Tertiary. 


Order  1.  THORACICA.  Darwin. 


Body  indistinctly  segmented,  and  enclosed  in  a memhranous  mantle  in  ichich  calcare- 
ous plates  are  usually  developed.  Mostly  hermaphroditic,  sometimes  with  complemental 
males. 

Family  1.  Lepidocoleidae.  Clarke. 


Body  covered  with  tico  vertical  columns  of  overlapping  plates,  those  of  one  series 
alternating  with  those  of  the  other.  Terminal  or  caudal  plate  axial.  Basal  or  cephalic 
portion  of  the  body  loith  a ventral  curvature.  Apices  of  the  plates  on  the  dorsal  margin. 
No  accessory  plates. 

Lepidocoleus,  Faber  (Fig.  1.355).  Elongate,  blade-shaped  ; 
dorsal  edge  the  thicker,  ventral  edge  sharper  and  linear.  The 
two  series  of  plates  make  a complete  enclosure,  being  inter- 
locked on  the  dorsal  edge,  but  are  only  in  apposition  on  the 
ventral  edge,  where  they  were  nn- 
^ ^ donbtedly  capable  of  dehiscence  for 

the  protrusion  of  the  appendages. 

Most  jnimitive  genus  of  the  group. 

Ordovician  to  Devonian. 


Family  2.  Turrilepadidae.  Clarke. 


Fig.  1350. 


Fig.  1355. 

Lcpidoi'olcus  Sovki,  Clarke. 
Silurian ; Rocljester,  New 
York.  Dorsal,  lateral,  and 
ventral  views. 

Body  U'ith  four  to  six  vertical 
columns  of  triangular  plates,  two  of  the  columns  being  small, 
accessory,  and  sometimes  much  modified  in  shape.  Caudal  plate 
patelliform,  axial. 

Turrilepas,  Woodw.  (Plumulifes,  Barr.),  (Fig.  1356).  Body 
to  six  columns  of 


elongate-conical  with  four 


large 


triangular 


Turrilepas  Wrigktianus,  de 
Koninck.  Silurian  ; Dudley, 

England.  A,  Complete  indi- 
vidual, i/j.  R,  c.  Isolated  overlapiiing  scales,  some  of  which  are  keeled  in  the  middle, 
plates,  enlarged  (alter  Wood-  i - ^ ^ ■ r i tuti 

ward).  Besides  having  concentric  striae,  siirtace  may  be  radially  lined 

or  punctated.  Cambrian  (?)  to  Upper  Devonian. 

Strobilepis,  Clarke.  Composed  of  four  columns  of  overlapping  plates,  two  of  which 
are  of  large  and  equal  size.  Of  the  other  two  intervening  columns,  one  consists  of  a 
few  very  small  plates,  and  the  other  is  modified  into  a series  of  grooved  spines  which 
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appear  to  overlap  one  anotlier  at  their  bases,  and  to  lie  oj)posite  the  column  of  small 
plates.  Caudal  extremity  terminated  by  a circular,  conical,  axial  plate,  against  the 
sides  of  which  lies  the  tiist  plate  in  each  column.  Middle  Devonian. 


Family  3.  Lepadidae.  Darwin.  (Goose  Barnacles.) 

Bhdl  liedunculated,  composed  mainhj  of  fhe  jniired  tenja  and  scuta,  the  unpiaired 
Carina,  and.  a variable  number  of  small  calcai-eous  plates,  some  of  udiich  cover  the 
de:rible  peduncle ; others  take  p>art  in  the  capjitu- 
lum.  The  calcareous  plates  are  never  fused. 

Arcluieolepas,  Zittel  (Fig.  1357).  Pedunr 


I'lc.  1357. 

A rrhoeolepo.s  llalten- 

huL-hTri,  sp.  Litlio- 
{^rajiliic  Slates;  Kel- 
heiiii,  Bavaria.  Vi- 
Carina ; Ji,  Uostniin  ; 
S',  Scutum  ; T'lrgum. 


I'lG.  130b. 

A,  Lonruld  Uicnssimn,  Zitt. 
.Senonian  ; Diilmon,  West- 
jjlialia.  i/i-  C,  L.  Syriaco, 
Damns.  Cenomanian ; la** 
Gallon.  V]  and  -Vi- 


Fig.  135i». 

PnUU'ipps  Itifnsffimus,  Queiist.  Upper  Cre- 
taceous ; Lunehurj?,  Belgium.  C,  Carina  ; L, 
Lateralia  ; I!,  Kostrum(V);  S’,  Scutum.  Vi. 


flattened,  the  two  j)rinci])al  surfaces  with  four  to  six,  the  narrow  side.s  with  two 
columns  of  small  scales.  The  capitulum  is  com- 
posed of  triangular  scuta,  two  large  trapezoidal 
terga,  a .short  unjiaired  carina,  and  a minute 
rostrum.  Uj>j)er  Jura. 

Loriculu,  .Sowb.  (Fig.  1358).  Peduncle 
squamous.  Capitulum  with  two  .scuta,  two 
terga,  four  lateralia,  and  a very  narrow  carina. 

Cretaceous. 

Pollicipes,  Leach  iPohjlepas,  Blainv.),  (Fig. 

1359).  Ca])itulum  composed  of  numerous  (eigh- 
teen to  one  hundred)  i>lates,  among  which  the 
scuta,  terga,  ro.strum,  and 
carina  are  distinguishable 
by  their  size.  Lateralia 
generally  in  two  columns. 

Peduncle  membranous 
with  minute  scales. 

Ujqier  Jura  to  Recent. 

.SV/ Kama,  Stramentum, 

Logan.  Ui)i>er  Cretaceous 
I N iobrara) ; Kan.sas. 

Scalpiellum,  Leach 
(Figs.  1360-1362).  Ca- 
pituluni  with  twelve  to 
fifteen  pieces.  Terga  and 
scuta  much  larger  than 
in  Pollicipjes  and  of  very  characteristic  form.  Carina  narrou',  long,  with  arched  surface. 
Peduncle  covered  with  fine  scale.s,  rarely  naked.  Cretaceous  to  Recent. 


Fig.  I3W. 

ScfilpeUvmd  allicu  iii, 
Hebert.  Upper  Cretace- 
ous; Meudoii,  near  Paris, 
(after  Hebert). 


Capitulum  of  Scolj>elliim  ft>s8ulvm,  Darwin. 
Upper  Cretaceous ; Norwich,  England.  2/j. 
C,  Carina  ; />,  Laterale  superius  (upper  latus) ; 
P,  Kostrum ; .S’,  Scutum ; T,  Tergum ; cl, 
Carino  • latus  ; il,  Infra  - median  latus;  rl, 
Rostral  latus;  so,  Sub-carina  ; si',  Sub-rostrum 
(after  Darwin). 
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Lepas,  Linn.  (Fig.  1363).  Peduncle  naked.  Capitnluni  consisting  of  only  two 
very  large  triangular  scuta,  two  small  terga,  and  a single  carina.  Pliocene  and  Recent. 

Poecilasma,  Darwin.  Capituluni 
consisting  of  three,  five,  or  seven 
pieces.  Carina  extending  only  to 
base  of  the  terga,  the  latter  sometimes 
wanting.  Scuta  sub -oval.  Tertiary 
and  Recent. 


Family  4.  Verrucidae.  Darwin. 

Shells  sessile  and  composed  of  six 
pieces.  Of  the  scuta  and  terga  only  one 
is  free,  the  other  plate  in  each  being 
fused  with  the  rostrum  or  carina,. 

The  solitary  genus  Verruca, 
Schiun.,  ranges  from  the  Cretaceous  to 
Recent. 

Family  5.  Balanidae.  Darwin. 

(Acorn  Barnacles.) 


C — 


Fig.  13(53. 


Lepas  a.natifera,  I.inn. 
Recent ; Mediterranean  C, 
Carina ; P,  Peduncle ; 5, 
Scutum  ; T,  Terguni. 


Shell  obtusely  conical,  circular,  or  13*52. 

oval  in  cross'  section,  with  broad  calcar-  Scalpdium  fossuium,  Dar- 
’ win.  Carina  much  enlargetl 

eous  cellular  base ; composed  of  four  to  (after  Darwin). 

ten  lateralia,  more  or  less  completely 

fihsed  at  their  sides,  and  two  pcdrs  of  free  terga  and  scuta  ivhich  close  the  upper  apierture 
like  cm  operculum. 

Of  the  lateral  plates  which  compose  the  crown-shaped  immovable  test,  two  are 
designated  as  carina  and  rostrum,  the  pieces  lying  between  and  occurring  in  pairs  being 

called  lateralia.  If  additional  plates  are  inserted 
among  the  lateralia,  they  are  termed  according  to  their 
position  rostro-  or  carino -lateralia.  The  scuta  and 
terga  lie  free  on  the  back  of  the  animal,  and  in  fossil 


Diagram  of  the  shell  of  Bala.nus.  B, 
Basis;  C,  Carina;  CL,  Carino -lateral 
compartment;  L,  Lateral  compartment ; 
R,  Rostrum ; RL,  Rostro-lateral  com- 
partment. Bach  valve  or  “compart- 
ment ” consists  of  a central  “ paries  " (p) 
flanked  by  “ alae  ” (a)  or  “ radii " (r). 


Fig.  1365. 

Scutum  and  tergum  of  Balanns.  A,  External  aspect  of  tergum, 
showing  “ spur  " below  and  “beak  "above.  P,  Internal  view  of 
scutum,  showing  muscular  scar  (x).  C,  Internal  view  of  tergum 
(after  Darwin). 


forms  are  generally  lost.  They  have  a very  characteristic  form,  and  hence  are  of 
great  systematic  importance.  Since  among  fossil  species,  however,  only  the  marginal 
plates  are  for  the  most  part  preserved,  the  determination  of  their  structural  characters 
is  often  quite  uncertain. 

Balanus,  Lister  (Figs.  1364-1367).  Shell  low,  conical  or  cylindrical,  composed  of 
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six  pieces.  Ojiercular  jilates  suR-triangular  ; ba.-;e  membranous  or  calcareous.  Eocene 
to  Recent. 

ProtohalanuK,  Wliitf.  Com])Ose<l  of  twelve  ])lale.s,  of  which  the  carina  is  the 

large.st ; ro.strum  small,  lateralia 
in  five  paii-s,  fused  only  near  the 
base.  Middle  Devonian. 

Aaisfci,  Leach.  Shell  com- 
posed of  six  solid  pieces.  Base 
calcareouf?,  cu2J-sha])ed  ; attached 
to  sponges  and  Alcyonarians. 
Pliocene  and  Recent. 

Pliniomn,  Leach  (Crcnsiu, 
lilaiuv.).  Shell  formed  of  a single 
jiiece.  Ba.se  ciqj-shajied  or  .sub- 
cylindrical  ; attached  to  corals. 
Lower  Devonian.  Tertiary  and 
Recent. 

1‘iilneocreusia,  Clarke  (Pig. 
1368).  Shell  in  one  ])iece,  with 
a deej)  cylindrical  base  ; attached 
to  corals.  Lower  Devonian. 

Cornnuhi,  Lam.  Composed  of  six  lateralia,  with  thin,  deeply  folded  walls  dividing 


Fill.  1300. 

niiliiiiKs  concavus,  Hronii.  Crag:  811U011,  Eiiglaml.  A,  iSliell. 
I!  Tergiiin.  C,  .Scutiiin.  1/1  (al'tfr  Darwin). 


Fid.  1307. 

Jk'lniius  picluf,  .Muiist.  Miocane;  Dischingpii,  WUrtemberg. 


Via.  13(58. 

Pciacocrcusia  dcponim,  Clarko. 
Einhedded  in  Farnsites,  Cornifcrous; 
he  Hoy,  Xew  York. 


the  interior  sjiace  into  chambei’s  which  oiien  at  the  lower  side  of  the  shell.  Base 
membranous  ; jiarasitic  on  whale.s.  Pliocene  to  Recent. 

Chfliarnalns,  Rauz  (Kunqihin,  Conrad).  Shell  de])re.s,sed,  com]io.ied  of  .six  ijieces. 
Base  mendiranou.s.  Cretaceous,  Miocene,  and  Recent. 

I'arhijhisiiifi,  Darwin.  Shell  in  the  young  with  eight  jiieces,  which  afterwards  become 
six,  or  by  coale.scence  of  the  lateralia  are  ai>j)arently  reduced  to  four.  Base  calcareou.s. 
Pliocene  to  Recent. 


Super-Order  5.  MALACOSTRACA.  Latreille. 

Enrnistacea  haviiu/,  in  recent  forms,  a constant  number  {twentij  or  twenty-one)  of 
seyments.  Cephalothorax  composed  of  thirteen  seyrnents,  and  heariny  the  same  number 
of  appendayes.  Abdomen  distinct,  heptamerons  {except  in  the  Idiyltocarida),  the 
terminal  joint  heiny  known  as  the  telson. 

Under  this  head  are  included  the  orders  I'hyllocarida,  Stornatopoda,  JJecapoda, 
and  Arthrostraca,  all  of  which  have  fossil  representatives. 
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Order  1.  PHYLLOCARIDA.  Packard.  {Leptostraca, 

Body  composed  of  five  cephalic,  eight  thoracic,  and  two  to  eight  ahdominul  segments. 
Head  and  thorax  covered  hy  a thin  chitinous  or  pctrtially  calcified  carapace,  tvhich 
may  be  in  a single  piece  or  divided  into  separate  valves  by  a straight,  unarticulated, 
single  or  double  hinge.  In  front  of  the  carapace  is  a narrow  movable  plate  or  rostrum. 
Th,e  head  hears  two  pairs  of  antennae,  and  stalked  compound  eyes.  Thoracic  segments 
with  soft  phyllopodiform  legs.  Abdomen  composed  of  annular  segments,  and  often 
ends  in  a spiniform  caudal  plate  (telson)  provided  with  lateral  spines. 

The  recent  genus  Nebalia  (Fig.  1370)  is  regarded  by  Packard  and  Claus 
as  the  surviving  representative  of  ancient  Crustacean  types,  very  numerous 
during  the  Palaeozoic,  which  had  been  previously  classed  with  the  Phyllogooda, 
but  more  properly  form  a distinct  group  (Phyllocarida)  connecting  the 
Entornostraca  with  the  Malacostraca.  The  genus  is  very  generalised,  combining 
Copepod,  Phyllopod,  and  Decapod-like  features  with  other  more  fundamental 
characters  of  its  own.  Upon  it  is  based  largely  the  definition  of  the  order, 
but  some  of  the  extinct  families  show  structural  differences  from  the  living 
type  which  will  eventually  require  their  removal  from  this  association. 

Cephalic  appendages  have  not  been  satisfactorily  determined  in  any  fossil 
species,  although  traces  of  them  have  been  noticed  in  a few  genera  (Crygjtozue, 
Oeratiocaris,  Bhinocaris).  In  the  absence  of  contrary  evidence  there  is  every 
reason  to  suppose  that  the  appendages  of  the  head,  thorax,  and  abdomen  were 
on  the  type  of  Nebalia,  since  there  is  such  close  corresjjondence  in  the  form  of 
carapace,  rostrum,  and  abdomen.  Owing  to  the  non-preservation  of  limbs, 
distinctions  Avithin  the  group  are  based  princijrally  on  variations  in  the 
structure  of  the  caiapace,  and  in  the  number  of  body  segments.  Several 
fossil  genera  (Echinocaris,  Bhinocaris,  Mesothyra)  bear  a distinct  optic  node  or 
pit,  suggesting  a sessile  simple  eye  in  contradistinction  to  the  stalked  faceted 
eye  of  Nebalia.  In  these  genera,  also,  large  cuspidate  masticatory  organs 
have  been  found,  which  were  apparently  attached  only  by  means  of  muscles ; 

^ Literature: 

Salter,  ./.  T('.,  On  .some  new  Fossil  Crustacea,  etc.  (Quar.  Journ.  Geol.  Soc.,  XII.  p.  26,  XIX.  p. 
75),  1856-62. — On  New  Silurian  Crustacea  (Ann.  Mag.  Nat.  Hist.,  V.  p.  153),  1860. — Hall,  J., 
PalaeontologA'  of  New  York,  III.,  1859. — 16th  Ann.  Kept.  N.Y.  State  Cabinet  Nat.  Hist.  1863. 
— Woodward,  H.,  On  a new  Genus  of  Ph3’llopodous  Crustacea  (Quai’.  Journ.  Geol.  Soc.,  XXII. 
p.  503),  1866.— Geol.  Mag.,  IX.  pp.  433,  563,  1872  ; IX.  pp.  386,  444,  1882  ; II.  pp.  345, 
385,  460,  1885. — Clavs,  C.,  Ueber  den  Bau  uinl  die  sj’steniatische  Stellung  von  Nebalia  (Zeitschr. 
Avissensoh.  Zook,  XXII.),  1872. — Barrande,  J.,  Sj’steme  Silurien  du  centre  de  la  Boheme,  I. 
Suppl.  1872. — Whitfield,  li.  P.,  Notice  of  new  Forms  of  Fossil  Crustacea,  etc.  (Amer.  Journ.  Sci. 
[3],  XIX.),  1880. — Clarke,  J.  M.,  NeAV  Phyllopod  Crustacea  from  the  Devonian  (Amer.  Journ.  Sci. 
[3],  XXIIL),  1882. — New  Discoveries  in  Devonian  Crustacea  (ibid.  XXV.),  1883. — Ueber  deutsche 
oberdevonische  Crustaceen  (Neues  Jahrli.,  1.  p.  178),  1884. — On  the  Structure  of  the  Carapace  in 
Bhinocaris,  etc.  (Amer.  Nat.,  XXVII.  p.  793),  189A — 14th  Kept.  State  Geol.  N.Y.  I.,  1898. — 
Packard,  ^I.  S.,  A Monograph  of  the  Phyllopod  Crustacea  of  North  America  (12th  Ann.  Bejit.  LhS. 
Geogr.  Geol.  Surv.  Terr.),  1883. — Beecher,  C.  E.,  Ceratiocaridae  from  the  Upper  Devonian  Measures 
(2nd  Geol.  Surv.  Penn.  Kept.  PPP),  1884. — Jones,  T.  jR.,and  Woodward,  II.,  Various  Papers  in  Geol. 
Mag.,  l.-X.,  1884-94,  and  Reports  1-12  of  Comm,  on  Fossil  Phyllopoda  Brit.  Assoc.  Adv.  Sci.,  1883- 
95. — yovAk,  0.,  Remarques  sur  le  genre  Aristozoe  (Sitzungslrer.  bohm.  Akad.  Wissensch.  p.  239) 
1885. — (Ibid.  p.  674),  1886. — On  Occurrence  of  a New  Form  of  Discinocaris  in  Boliemia  (Geol.  Mag. 
[3],  IX.  p.  148),  1892. — Sars,  O.  0.,  Report  on  the  Phyllocarida  (Leptostraca)  Rept.  Challenger 
Expedition,  XIX.,  1887. — Hall,  J.  and  Clarke,  J.  M.,  Palaeontology  of  New  York,  A"II.,  1888. — 
Whitfield,  R.  P.,  New  Genus  of  Phyllocaridae  (Bull.  Amer.  Mus.  Nat.  Hist.,  VIII.),  1896. — Jones, 
T.  R.,  and  Woodward,  II.,  Monograph  of  the  British  Palaeozoic  Phyllopoda  (Phyllocarida,  Packard), 
Part  HI.  (Palaeoutogr.  Soc.),  1898. 
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these  lire  compared  by  Woodward  with  the  gastric  teeth  of  the  lobster 
(Fig.  1369). 

Sub-Order  A.  NEBALIINA.  Clarke. 

Carapace  folded,  univahed,  and  rostrate. 


PAuiily  1.  Nebaliidae.  Baird. 

Cephalic  appendages  five,  thoracic  eight,  abdominal  eight,  terminating  in  two  caudal 
.yrincs.  Xo  metamorphosis ; development  direct. 


Gastric  teeth  of  Kvhinocaris 
}iunctata.  Hall.  Hamilton; 

Pratts  Falls,  Xew  \ork.  Vi-  Nehalia  Ckoffrotjij  .M.  K<iw.  Recent;  Mediterranean. 


Fi<;.  13F.9. 


iSehaha,  Leach  (Fig.  1370).  Kc2ue.sentcd  by  a few  species  inhabiting  sliallow 
water.s  ot  nortliern  seas.  I’aranehalia  and  Xehaliop.sis  are  also  Recent  and  marine. 


Sub  Order  B.  HYMENOCARINA.  Clarke. 

Xehalia-hke  forms  with  folded  univalved  carapace;  rostrum  wanting  (1). 

louiiily  1.  Hymenocaridae.  Salter. 

Jiodg  with  eight  to  nine  thoracic  and  abdominal  .segments,  and  six  caudal  .sjnnes  in 

th  ree  2Uiirs. 

Hijnienocaris,  Salter  (Fig.  1371).  Carajiace  narrow 
in  front,  very  broad  jiosteriorly,  convex  ; surface  smooth 
or  faintly  lined.  Cambrian  ; Waites. 

\_Kibciria,  Sharjie.  Arched,  univalved  bodies  with 
strong  beaks,  mu.scnlar  scars  and  sub-cardinal  ridge. 
These  fossils  have  been  referred  to  the  Phyllocarida, 
I’elcrgpoda,  and  Gastrojioda.  There  is  no  satisfactory 
evidence  of  their  Crustacean  nature.] 

Sub-Order  C.  CERATIOCARINA.  Clarke. 

Carapace  bivalvcd,  with  a median  symphysis  and  a 
(after  Salter),  '/i.  rostrum. 

i’amily  1.  Ceratiocaridae.  Salter. 

Carapace  2>od-shap)ed,  smooth,  and  without  eye-nodes. 

Ceratiocaris,  i\I‘Coy  {E ntornocaris,  AVhitf),  (Fig.  1372).  Valves  of  caraitace  elongate, 
sid>ovate,  or  suh-(2uadrate,  narrow  in  front,  sub-truncate,  but  not  incurved  beliind. 


ilumcnnt'ans  nrmicamlo,  8alt*^r. 
Upper  Cambrian  ; Dulgelly,  "Wales. 
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Fig.  1372. 

Ceratiocaris  papilio,  Salter.  Ordovician ; Lanark- 
shire. a.  Antennae  (?) ; ni,  Mandible;  r,  Rostrum. 
Vl  (after  Woodward). 


Surface  without  nodes  or  carinae.  Antennae  (?)  ob.scure  ; supposed  gastric  teeth  large, 
cuspidate.  Rostrum  lanceolate.  Body  segments  fourteen  or  more,  four  to  seven  ex- 
tending beyond  the  carapace,  some  of  them  with  obscure  branchial  appendages  (uropods). 
Telson  long,  spinose  on 
the  edges ; two  lateral 
ajipendages  or  cercojjods. 

Abundant  in  Ordovician 
and  Silurian  ; Europe  and 
North  America. 

Gardiolites,  Nich. 

Supposed  tracks  of  Gera- 
tiocaris{T).  Silurian; 

Scotland. 

Garyocaris,  Salter. 

Carapace  smooth,  narrow, 
sub-acute  in  front,  thick. 

Abdomen  unknown  ; 
caudal  plate  with  three 
■spines.  Cambrian;  Wales. 

Physocaris,  Salter.  Car.ijiace  bladder-shaped,  pointed  in  front,  liivalved  (?),  smooth. 
Abdomen  smooth  ; telson  longer  than  the  cercopods.  Silurian. 

Lingulocaris,  Salter ; Saccocaris,  Salter.  Very  imperfect  remains  of  Crustacean 
bodies.  Lingula  Flags  ; Wales. 

Acanthocaris,  Peach.  Carajiace  small,  with  a blunt  snout  iu  front ; surface 
smooth.  Body  segments  numerous,  seven  exposed  beyond  the  cara2iace.  Telson  long ; 
cercopods  short  or  rudimentary.  Lower  Carboniferous  ; Scotland. 

Xiphidiocaris,  Jones  and  Woodw.  (emend.).  Known  only  by  its  long  curved  blade- 
like telson.  Silurian  (Ludlow) ; England.  (Ai  ensis,  Salter.) 

Gryptozoe,  Packard.  Carapace  smooth,  Ijroadly  rounded  in  front ; imperfectly 
known.  Coal  Measures;  Illinois.  (C'.  Packard.)  Probably  congeneric 

with  the  Carboniferous  species,  Geratiocaris  Oretonensis,  and  G.  truncata,  Woodw.,  in 
which  traces  of  four  cephalic  aiipendages  have  been  found. 

Golpocaris,  Meek.  Carapace  smooth,  with  deep  anterior  marginal  sinus  and  sharji 
extremity.  Caudal  |3late  with  three  spines.  Lower  Carlioniferous  ; Kentucky. 

Strigocaris,  Vogdes  {Solenocaris,  Meek).  Cara^iace  narrow  and  elongate,  with 
longitudinally  striated  surface ; very  imperfectly  iaiown.  Lower  Carboniferous ; 
Kentucky. 

Nothozoe,  Barrande,  may  Ijelong  in  this  association.  Ordovician  ; Bohemia. 

Phasganocaris,  Novak.  Known  only  from  the  abdomen  and  telson.  Last  segment 
long,  cylindrical,  with  strong  articulation.  Telson  articulated  to  the  cercopods  by  deep) 
sockets  ; edges  spinose.  Surface  scaly.  Lower  Devonian  ; Bohemia. 

Macrocaris,  Miller.  Carapace  valves  very  narrow  in  front,  broad  behind,  strongly 
lineate.  Body  segments  numerous.  Lower  Carboniferous  ; Kentucky. 


Family  2.  Echinocaridae.  Clarke. 

Garapace  elongate  or  oval,  loith  nodes  {muscular  or  segmental)  in  the  cephalic  region, 
one  of  which  in  each  valve  may  be  ocular  but  bears  no  optic  pit ; one  or  more  lateral 
carinae  usually  present.  A free  rostrum  has  been  observed  in  some  genera. 

Echinocaris,  Whitf.  (Figs.  1369,  1373).  Hinge  short,  carapace  sub-oval,  broad  iu 
front,  not  incurved  behind,  no  postero-lateral  spinules  ; a single  sigmoid  carina  on  each 
valve,  sometimes  a small  accessory  ridge  near  the  hinge.  Surface  punctate  and  pustu- 
lose,  no  longitudinal  striations.  Of  the  body  segments,  six  are  exposed  and  bear  small 
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spines  on  tlieir  surface  and  posterior  margins.  TcLson  and  cercopods  are  sjiines  of  un- 
eipial  size.  i\Iiddle  and  Uppei'  DeA'onian  ; Xortli  America. 

Pqihricaris,  Clarke  (Fig.  1374).  Carapace  as  in  the  last, 
but  without  the  lateral  carinae.  Margins  j)roA'ided  Avith  a 
single  row  of  long  recurving  spines.  Three  or  four  alxlominal 
segments  ])rotrude  beyond  the  carapace,  the  last  tAvo  luiA'ing 
a single  pair  of  long  spine.s.  Upper  Devonian  ; New  York. 

Aristozoe,  Barr.  {Barfropus,  Barr.).  Carapace  Avith  cephalic 
node  AA-ell  develoj)cd,  but  Avithout  lateral  carinae.  But  one 
al'dominal  segment  knoAvn,  and  this  is  very  long,  cylindrical, 
Avith  an  intricate  hinge  at  the  articulation  Avith  the  caudal 
.spines.  Tel.son  a long  .spine  Avith  a roAv  of  .S2iinules  on  each 

lateral  edge.  Novak  has 
shoAvn  that  of  Barrande’s 
three  sjiecies,  Aristozoe 
r e (I  in  a,  B a c t r o p u s 
lonyipes,  and  Ceratiocarin 
(Jfhilis,  the  tir.st  re])re- 
sents  the  cara])ace,  the 
\ second  the  last  abdominal 
.segment,  and  the  third 
the  telson  of  one  form, 
A.  rcijina.  Devonian  ; 
Bohemia.  Species  re- 
ferred to  the  .same  genus 
have  been  described  from 
the  Cambrian  of  North 
(lii'imuiK  America  and  Devonian 
,1  (.iitei  jjjij  Rmssia. 

Orozoe,  Callizoe, 
Silurian ; Bohemia.  Zonozoe, 


Fic.  137a. 

I-A'hhinvfn'is  Hall 

Hamilton  Group:  Pratt’s  Falls, 
Nbw  Vork.  1 1 (after  Heeclier). 


Fio.  1374 


I SJ). 


Pcphricorishorrii 


Group ; 
Clarke). 


Alfred, 


lilaUi,  Clarke, 
sew  York. 


Barrande,  are  2>resumal)ly  allied  to  Arixtnzne  (NoA'i'ik), 

Barr.,  and  Solenocaris,  Young,  are  not  Crustacean. 

KleuthcrocarB,  Clarke.  Carajiace  elongate-subipiadrate,  truncate  in  front,  incurved 
behind;  rostrate  (?).  Broail,  ob.seure  nodes  in  the  cephalic  region;  lateral  carinae 
single,  anterior,  and  very  short.  Body  .segments  unknoAvn  ; caudal  jilate  Avith  a 
slender  tel.son  and  cercojiods  of  equal  length.  Surface  of  all  knoAvn  jtarts  more  or  le.ss 
strongly  tuberculated.  U])2)er  Devonian  ; Ncav  \ ork. 

Noviik.  Yalves  elongate-subquadrate,  2>osterior  margin  sloping  or 
slightly  incurved.  Ce2>halic  region  Avith  a cluster  of  small  nodes  in 
front,  and  tAVO  larger  ikkIcs  behind.  Lateral  region  Avith  a single 
long  sigmoid  carina.  Surface  striated  Avith  raised  longitudinal 
lines.  Alxlomen  and  tail  unknoAvn.  LoAA  er  DeA'onian  ; Bohemia. 

Blij)iwcfiri.%  Beecher.  Surface  of  cara2>ace  evenly  conve.\, 
smooth,  Avithout  lateral  carina  ; hinge  line  long ; 2>osterior 
margin  convex  ; cephalic  nodes  obscure  ; rostrum  not  observed. 

Abdomen  Avith  tAvo  ex2'0.sed  .segments  ; caudal  2>late  short,  Avith 
broad,  convex,  lAqddly  ta2)ering  telson  and  tAvo  cerco2>ods, 

.setigerous  on  their  inner  margims.  Middle  DeA'onian;  NeAv 
York.  U2'2'er  Devonian  ; Pennsylvania. 

Tropidocaris,  Beecher  (Fig.  137.7).  Carapace  Avith  truncate 
2)osterior  margins  ; ocular  node  Avell  defined,  other  ce2ihalic  nodes 
oljscure  ; rostrum  narroAv  and  ridged  ; surface  of  valves  Avith  several 
strong  longitudinal  carinae.  AlKlomeii  Avith  tAvo  exposed  segments,  AA'hich  are  sub-cylindri- 
cal and  Avithout  spinules.  U2>per  Devonian  and  LoAver  Carboniferous;  Pennsylvania. 


Fig.  137.5. 

Trap idoco ris  hicri ri n 
Beeclier.  Cliemung; 
AVarreti,  Penn.  Carapace 
ami  ro.strum.  i/j  (after 
Hall  and  Clarke). 
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Emmele7ioe,  Jones  and  W.  Valves  of  carapace  elongate,  narrow,  and  with  distinct 
ocular  node  ; otlier  cephalic  nodes  wanting.  Surface  witli  fine  longitudinal  raised 
striae.  Abdomen  unknown.  Silurian. 


Sub-Order  D.  RHINOCARINA.  Clarke. 

Carapace  with  a free  rostrum  and  narrow  median  dorsal  sep>arated  from  the 

valves  by  a straight  or  slightly  curving  hinge  at  each  side.  Ocular  nodes  clearly  defined, 
with  a distinct  optic  piit  at  the  summit. 


Family  1.  Rhinocaridae.  Clarke. 


Valves  articulated  by  interlocking  at  the  single  point  where  they  come  in  contact. 
Abdominal  segments  two  to  three.  Posterior  margin  of  carapace  concave  and  sp)ined. 

Rhinocaris,  Clarke  (Fig.  1376).  Carapace  smooth,  witli  fine  raised  longitudinal 
striae  ; divergent,  Ijranching  furroAvs  radiating  back- 
Avard  from  the  eyes.  Lateral  carina  very  faint. 

Abdomen  Avith  tAvo  or  three  free  segments,  the  last 
much  longer  than  the  others  ; all  diagonally  striated 
or  cheA'roned.  Caudal  plate  Avith  a broad  telson  and 
tAvo  long  and 
slender  cercopods 
fimbriated  on 
their  margins. 

Middle  DeAmnian; 

NeAv  York. 

M esothy  r «, 

Hall  and  Clarke 
(Fig.  1 3 7 7). 

Carapace  large, 
valA'es  distinctly 


Fig.  1370. 


interlocking  at 


lihiiincaris  coliimhina,  Clarke.  Ham- 
ilton Group ; Canandaigua  Lake,  New 
York.  A,  E,  Dorsal  and  lateral  views  of 
animal.  B,  D,  Same  of  rostrum,  en- 
larged. C,  ]\Iedian  plate,  enlarged. 


Fig.  1377. 

Mcsotlnira  Oceania  Hall.  Portage  Group 
(Ui)per  Devonian) ; Ithaca,  New  York.  A, 

Eye.  B,  Hinge  of  right  valve.  Vi- 

point  of  contact. 

Lateral  carinae  strong,  crenulated  at  the  summit.  Abdomen  Avith  tivo  broad,  exposed 
segments.  Telson  shorter  than  the  cercopods,  the  latter  setigerous.  Upper  DeA'onian  ; 
NeAv  York. 


Dithyrocans,  Scouler  (Argcts,  Scouler).  Yery  similar  in  aspect  to  Mcsothyra, 
Avith  the  junction  line  of  the  A^ah^es  overlapped  liy  a (free  ?)  rugose  ridge  or  narroA\- 
interstitial  plate.  Rostrum  not  obserA^ed.  Devonian  and  Carboniferous ; Scotland. 
Rachura,  Scudder,  knoAvn  only  from  the  abdomen  and  telson,  is  probably  allied  to 
Dithyrocaris.  Carboniferous ; Illinois. 

Chaenocaris,  Jones  and  W.  Carapace  Auilves  AA’ith  a A^ei'y  strong  lateral  lidge  and 
Avithout  posterior  s]>ine.  Carljoniferous  ; Scotland  and  Belgium. 

Sub-Order  E.  DISCINOCARINA.  Clarke. 

Sub-circular  or  oval  shields  with  a triangular  rostrum  filling  an  anterior  notch 
Surface  ornamented  until  raised,  concentric  lines.  Substance  chitinous. 
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Family  1.  Discinocaridae.  AVoodwaiil. 

Test  convex,  sometimes  mesially  ridtjed  ; in  a single  piece. 

Discinocciris,  A\oodw.  Shield  sub-circular,  rostral  notch  and  rostrum  angular. 

Abdominal  segments  and  caudal  .spines  have  been  referred  to  this 
genus  by  Jones  and  Woodward.  Silurian;  Great  Britain, 
Bohemia. 

Aspidocaris,  Reu.ss.  Similar  to  Discinocciris.  Raibl  Beds 
(Trias) ; Hallstadt. 

Dipterocaris,  Clarke  (Fig.  1378).  Shield  with  a deep  posterior 
notch,  shorter  than  the  anterior  or  rostral  notch.  Sides  of  shield 
Silurian  ; Scotland.  Upper  Devonian  ; Xew  York. 


sloping. 


Fio.  137S. 


LHpterocans  vetushis, 
d’Arch.  ami  Vern.  De- 
vonian ; Eifel.  i/x. 


Family  2.  Peltocaridae.  Salter. 
Shields  mesially  sutured. 

Pelfocaris,  Saltei-.  Circular  shields  with  a rounded  rostral 
Abdomen  unknown.  Ordovician  ; Great  Britain. 

Aptychopsis,  Barr.  (Fig.  1379).  Like  Pelfocaris,  Imt  with  the 
rostral  notch  angular.  Silurian  ; Bohemia  and  Great  Britain. 

Pinnocaris,  Etheridge.  Similar  to  Dipterocaris,  but  bivalved. 
Ordovician  ; Scotland.  (P.  Lapworthi,  Etheridge  jun.) 


notch  and  plate. 


Fio.  137!'. 


Addendum. 


Apltjchnpxi.t  primus, 
Barr.  Onlovician  (D); 
Braiiik,  Bohemia,  l/j 
(after  Barrande). 


A number  of  generic  names,  such  as  Cardiocaris  (Fig.  1380), 

Ellipsocaris,  Phnladocaris,  Woodward,  and  Spathiocaris,  Clarke, 
have  been  apiilied  to  Devonian  fossils  which  closely  reseniljle  the  Silurian  Discinocaris, 
of  whose  Crustacean  nature  there  seems  to  be  no  doubt.  Some  of 
tli&se  bodie.s,  however  (Cardiocans),  have  been  found  in  the  living 
chamber  ot  Goniatites  (G.  inlu7nescens),  and  have  undoubtedly 
sen  ed  as  opercula  or  aptychi  of  these  Cephalo])ods  ; of  othei-s 
the  nature  is  not  fully  understood.  Lisyocaris,  Clarke,  is  not  a 
Crustacean  ; Cryptocuris,  Barrande,  is  probably  the  operculum  of 
a Hyolithoid  ; Myocaris,  Salter,  is  stated  to  be  a Pelecypod ; 
Proricaris,  Daily,  was  founded  on  parts  of  Ceratiocaris ; Crescen- 
Fio  1380  Pterocaris,  Barrande,  are  doubtfully  Cmstacean. 

autliorship  of  tlie  foregoing  chapters  on  Phyllopoda,  Cirripedia, 
Upper  Defonian  ; and  1 hyllocarida,  i3.s  wcW  as  tlie  succeeding  one  on  the  Accrafa  (J/ero- 
Budesheim,  Eifel.  i/i.  stomata),  should  be  accredited  to  Dr.  John  M.  Clarke,  New  York  State 
Palaeontologist.  A nuniher  of  additional  figures  for  illustrating  these 
sections  have  also  been  prepared  by  him  expressly  for  this  work,  or  borrowed  from  his 
[irevious  writings. — Tuans.  ] 


Order  2.  SCHIZOPODA.  Latreille.i 


Small,  elongated,  aquatic  Malacostraca  7cifh  compound  eyes  borne  on  movable  stalks, 
and  a large  delicate  carapace  covering  the  thoracic  segments  more  or  less  compjletely  ; ivith 
^ Literature  : 

Jordan,  II.,  .and  Meyer,  II.  v..  Crustaceen  <ler  Steinkohlenfonnation  von  Sa.arbrucken  (Palaeontogr., 
IV.),  1856. — Sattcr.  J.  It'.,  Higher  Crustacea  from  British  Coal  Measures  (Quar.  Journ.  Geol.  Soc., 
XVII. ).  1S61. — EtherUhje,  R.,  Occurrence  of  Authrapahaemon  in  Carboniferous  of  Scotland  {ibid. 
XXXIII.),  1877. — Whitfield.  R.  I‘„  New  Crustacea  from  the  Devonian  of  Ohio  (Amer.  Journ.  Sci. 
[3],  XIX.),  1880.  Also  in  Ann.  N.l . Acad.  Sci.,  \ .,  1891. — Peach,  R.  A'.,  New  Crustacea  from  the 
Carboniferous  of  Eskilale  (Trans.  Roy.  Soc.,  Edinburgh,  XXX.,  pp.  73,  512),  1880. — Urocchi,  I’., 
Note  .sur  un  Crustace,  etc.  (Bull.  Soc.  Geol.  France  [3],  VIII.),  1880. — Packard,  A.  S.,  On  the 
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Fig.  13S1. 

Anthrapalaemon  rimcilis,  JI.  and  W. 
Coal  Measure.s  ; Illinois.  Restora- 
tion, l/i  (after  Meek  and  Worthen). 


eight  ijairs  of  thoracic  feet,  which  are  similarly  formed,  provided,  tvith  an  exopodite,  and 
in  one  family  (Mysidae)  hear  freely  inojecting  gills. 

The  Scliizopocls  bear  a superficial  resemblance  to  the  macrurous  Decapioda,  and 
tvere  formerly  united  with  that  order.  Two  principal 
groups  are  distinguished,  the  ilysid  and  Euphausid, 
which  by  some  authors  are  elevated  into  independent 
orders.  A few  fossil  remains  have  been,  with  some 
colour  of  probability,  assigned  to  the  Schizopods,  such 
as  Pygocephalus,  Huxley,  from  tlie  English  Coal 
Measures,  and  Crangopsis,  Salter  (Palaeocrangon,  Salter 
non  Scham’oth ; Archaeocaris,  Meek),  from  the  Lower 
Carboniferous  of  Scotland  and  base  of  the  Waverly  in 
Kentucky.  Pygocephalus  also  exhibits  many  Stomatopod 
features. 

Anthrapalaemon,  Salter  (Fig.  1381),  from  the  Coal 
Measures  of  Scotland  and  Illinois,  and  Palaeopalaemon, 

Whitfield,  from  the  Devonian  of  Ohio,  are  of  doubtful 
position,  but  more  properly  classed  with  the  Schizopods 
than  Decapods.  The  former  genus  has  a curiously  sub- 
divided telson,  a toothed  anterior  margin  of  the  carapace, 
and  biramous  antennae.  Palaeopemphix,  Paraprosopon, 
and  Oonocarcinus,  Gemmellaro,  from  the  Permo-Carlion- 
iferous  of  Sicily,  are  for  the  most  part  fragmentary 
remains,  but  without  any  decided  Decapod  features.  The  same  is  true  of  Pseudo- 
galathea.  Peach,  from  the  Lower  Carboniferous  of  Scotland. 

The  family  Nedotelsonidae  of  Brocchi  comprises  a few  Carboniferous  and  Permian  genera 
whose  relations  to  the  recent  Anaspid.cs  have  been  suggested  by  Caiman.  These  are  : Palaeo- 
caris,  Meek  and  Worthen ; Uronectes,  Broun  {Ganvpsonyx,  Jordan),  (Fig.  1382)  ; and 
Neetotelson,  Brocchi  (but  not  Acanthotelson,  M.  and  W.).  They  show  a number  of  characters 
common  to  all  Malacostraca,  but  no  tyjiical  characters  of  any  one 
order.  Anaspides,  Thomson,  living  in  the  mountains  of  Tasmania, 
agrees  with  the  extinct  genera  in  the  combination  of  Podophthalmate 
characters  with  a completely  segmented  body  and  the  lack  of  a 
carapace  ; and  while  having  its  nearest  affinities  with  the  Schizopods, 
is  also  closely  related  to  the  Amphijiods. 

The  proposal  to  erect  a separate  order  {Syyicarida,  Packard)  for 
this  family,  including  Anaspidxs,  seems  hardly  advisable,  although  it 
is  plain  that  many  collective  characters  are  here  displayed.  These 
peculiar  fossil  forms  indicate  that  a differentiation  of  Thoracostraca  and 
Arthrostraca  took  place  as  far  back  as  the  Upiper  Devonian,  but  dis- 
tinctive ordinal  features  are  not  manifested  until  much  later.  [The 
term  Thoracostraca  {=Podophthalma)  is  used  throughout  this  section 
to  connote  the  Schizopods,  Stomatopods,  and  Decapods  under  one 
head,  as  distinguished  from  the  sessile-eyed  Amphipods  and  Isopods.] 

Fig.  13S2.  g STOMATOPODA.  LatreiUe.i 

Gampsonyx  fimbnatus, 

Jordan.  Rothliegendes : 

Lebach,  ^near  Saar-  Elongated  Malacostrcica,  in  u'hich  the  compound  stalked  eyes  and 
first  pair  of  antennae  are  home  upon  distinct  movahle  segments. 
Carapace  small,  leaving  the  last  four  thoracic  segments  uncovered.  There  are  fi.ve  pairs 

Syncarida,  Ganipsonychidae,  and  Anthracaridae  (Mem.  Nat.  Acad.  Sci.,  III.),  1885.  Also  in  Proc. 
Boston  Soc.  Nat.  Hist.,  XXIY.,  1889. — Caiman,  TT'.  T..  On  the  Genus  Anaspides,  etc.  (Trans.  Koy. 
Soc.,  Edinburgh,  XXXVIII.),  1896. — Ortraann,  A.  E.,  The  Systematic  Position  of  Crangopsis,  etc. 
(Amer.  Journ.  Sci.  [4],  IV.),  1897. 

^ Literature  : 

Mijjister,  G.  Gro.f  zu,  Beitriige  zur  Petrefaktenkuiide  (Heft.  III.  p.  19  ; V.  p.  76),  1840-42. — 
von  dec  March,  IF.,  and  SchlV.tec,  C.,  Neiie  Fische  und  Krebse  aus  der  Kreide  von  Westphalen 
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of  rnaxilhperh,  Ihe  aecoixd  pnir  hciiuj  developed  into  lanjc  rnptoi-ial  lirnh^,  and  three  2>(tirs 
of  hirarnona  thoninc  feet.  Abdomen  very  atronfihj  developed.^  lonyer  than  the  anterior  2>art 
of  the  body,  and  its  sivirnminy  feet  bear  branchial  t lifts. 


Fir,.  i:iS3. 

Snihln  jieiinntii,  Miiiist.  Upper  .hira; 
views,  l/i  and  s/i.  (',  Ventral  as])eet, 'Vj. 
pairs  of  antennae  (after  Knntli). 


T]ie  Stoinatoiiods  coniiirise  a single  family  (Sijitilh'dae)  of  nine  recent  and  still 
fewer  tossil  genera,  wit li  the  characteristics  of  tlie  order.  Living  forms  are  inhabitants 

,,  „ of  trojiicjtl  and  temperate  waters 

of  both  hemisphere.s,  and  prey 
upon  other  animals.  The  oldest 
fos.sil  form  is  Xeeroseylla  IVilsoni, 
Woodwaid,  from  a concretion  in 
the  Coal  IMeasnres  of  Cossall, 
England.  It  is  founded  ujion 
an  abdominal  fragment  21  mm. 
lung,  showing  live  segments  and 
a well-])re.served  telson,  and  hears 
some  resemblance  to  the  alxlomen 
of  Sqiiilla.  Squilla  itself  dates 
hack  to  the  Upjier  Jura  (Litho- 
graphic Slates),  and  species  are 
known  from  the  Cretaceous  of 
Lebanon,  Eocene  of  Monte  Bolca, 
and  Ilighgate,  England. 

Sralda,  Miinst.  (llecJcur, 
l\runst.  ; Bnria,  Ciehel),  (Eig. 
1383j.  Cephalothorax  orna- 
mented with  longitudinal  mark- 
ings, and  leaving  the  last  three 
thoracic  .segments  ex])0.sed.  Ab- 
domen broad,  elongated,  and  M’ith 


Bavaria.  A,  7.\  Dor.sal 
(I,  (\  First  an<l  second 


large  surfaces  for  the  attachment 
ot  swimming  feet,  the  latter  not  ]>reserved.  The  three  hindermost  abdominal  limbs, 
and  the  semiciicular  setigerous  telson  are  develojasl  iiito  a caudal  tin.  Three  species 
occur  ill  Lithograjihic  Slates  of  Bavaria. 


Order  4.  DEC  APOD  A.  Latreille.' 

Cejdialothorax  ronijdetely  covered  by  the  carapace,  or  U'ith,  but  one  seyrnent  free;  five 
pairs  of  icariiny  feet,  the  Jir.st  tivo  or  three  qiairs  usually  chelate.  Test  qirolomiexl  into 

( Palaeoutof,T.,  X^  .),  1868. — Knnf/i,  .1..  Ueber  weiiif;  bekannte  Cnistaceen  von  Solenliofeii  (Zeitschr. 
ileutscb.  gfol.  (tes.,  XXII.),  1870. — WiHuhcard , II.,  Contribution.s  to  tlie  Kiiowleilge  of  Fossil 
Crustacea  (Quar.  .lourii.  Ceol.  Soc.,  XXXV.),  1879. 

' Literature  : 

.flanstcr,  (!.  CraJ  :.u,  L’eber  hie  fossileii  laug.scliwanzigen  Krebse  in  den  Kalkscbiefern  von  Bayern 
(Beitr.  z.  I’etrefaktenkunde,  Heft.  II.).  18.39. — Meyer,  //.  von,  Xeue  (lattungen  fossiler  Krebse,  etc., 
Istuttgart.  18-10. — .lurassiscbe  und  triasisclie  Cru.staeeen  ( I’alaeontogr.,  IV.  ]i.  -14),  18.64. — Die  I’ro.so- 
poni.len  {ihid . VII.),  1860.  — Tertiiire  Decapoden  aus  den  Alja-n,  etc.  (ihut.  X.),  1862.— 7fca.s.v,  .1.  K., 
Zur  Kennfniss  fossiler  Krabben  (Denk.scbr.  .\kad.  Wiss.  Wien.,  XVII,),  18.67. — Ueber  fos.sile  Kreb.se 
au.s  den  Itaibler  .Sebiebten  (Beitr.  z.  Palaeont.  Oe.sterreiclis,  I.),  18.68. — HeU,  T.,  Jlonograph  of  the 
lossil  .M.ab-icostr.icous  Crust, acea  of  (treat  Britain  (I’alaeont.  8oc.,  18.67-62). — Eialloa,  A.,  Descrii>tion 
des  ( rustace.s  fossiles  (Bull.  ,Soc.  Ueol.  France  [2],  XVI.),  1859. — Ojipcl,  ^1.,  Ueber  jura.ssi.sche 
Crustaeeen  (I’alaeont.  Mittbeil.  Museum  Bay.  St.a.ates  I.).  18(>2. — von  dec  Mark,  IF.,  Fossile  Fische, 
Kreb.se  und  I’llanzen  aus  iler  Kreide  (I’al.aeont.,  XL),  1863. — Idem,  and  ScJdntcr,  (J.,  XAue  Fi.sche 
und  Kreb.se  aus  der  Kreide  von  We.stphalen  [ihiil.  XV.),  1868. — SchhUer,  C'.,  Die  Macruren- 
Decapoden  A estphalens  (Zeitschr.  dentseb.  geol.  Oes.,  XI  Vh),  1862. — Kreide-  und  Tertiiir-Krebse  de.s 
nurdlichen  Deutscbl.ands  (dud.  XXXI. ),  1.S79.. — SH m jtson,  IF.,  Fossil  Crab  from  Gay  Head  (.lourn. 
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a fronted  spine  (rostrum)  between  the  compound  pedunculate  eyes.  Gills  borne  on  or  near 
the  based  joints  of  meixillipeels  and  legs,  etnd  encloseel  in  ei  branchied  cheimher  formed  by  « 
doimiwarel  expemsion  of  the  ceireipeice  on  either  side. 

No  Palaeozoic  Crustacean  is  known  wliicli  displays  typical  Decapod  characters,  and 
it  is  possible  the  group  did  not  iDecome  differentiated  until  the  Trias,  where  the  first 
undoubted  remains  occur.  Their  forerunners,  however,  are  evidently  to  be  sought  for 
amongst  the  collective  forms  already  cited  under  the  Schizopoda.  Although  a division 
into  the  sub-orders  Meecrura  and  Breichyuret  is  not  strictly  natural,  yet  it  is  of  certain 
convenience  to  the  palaeontologist.  The  so-called  Anomura,  which  are  very  rare  in 
the  fossil  state,  are  distributed  between  these  two  sub-orders. 

Sub-Order  A.  MACRURA.  Latreille.  (Lobsters,  Shrimps,  Prawns.) 

Abdomen  strongly  developed,  as  long  or  longer  than  the  cephedothoreex,  anel  never 
inflexed  beneedh  the  ledter ; it  is  provided  with  four  to  five  peiirs  of  abelomined  feet,  einel 
the  siuimmerets  of  the  sixth  segment  form  -with  the  telson  et  strong  ceiueled  fin.  The  thirel 
‘pedr  of  maxillipeds  eire  long  emd  sleneler,  eincl  do  not  compdetehj  cover  the  preceding  ones. 

(1)  The  family  Carididae  or  prawns  have  a usually  compressed  body  covered  by  a 
delicate  cuticula  ; legs  long  and  slender,  some  or  all  of  the  pairs  chelate  ; rostrum 
usually  well  developed,  and 
large  antennal  scale  present. 

Undoubted  Caridids  are  repre- 
sented in  the  Lithographic 
Slates  of  Bavaria  by  the 
following  genera  : — Penaeus, 

Fabr.  (Fig.  1384);  Acantho- 
cheirus,  Oppel;  Bijlgia, 

Drobna,  Dusa,  Aeger  (Fig. 

1 38  5),  Blaculla,  Udora, 

Hefriga,  Elder,  Miinster  ; and  Penaeus  Meyeri, 

Udorella,  Oppel.  Pseudo- 
crangon,  Schliiter,  and  Opdophorus,  Milne -Edw.,  occur  in  the  LTpper  Cretaceous  of 
Westphalia.  Homelys,  v.  Meyer,  and  Palaemon,  Fabr.,  are  Tertiary  genera,  the  latter 
also  Recent. 

(2)  The  Eryonidae  ha^'e  a thin,  liroad,  and  depressed  carapace,  with  a median 
longitudinal  keel ; antennal  scale  small ; four  anterior  pairs  of  feet  chelate ; caudal  fin 
large.  Tetrachela,  Reuss,  from  the  LTpper  Trias  of  Railal,  is  one  of  the  oldest  known 
Decapods.  Erijon,  Desm.  (Fig.  1386),  ranges  from  the  Lias  to  Cretaceous,  excpiisite 
examples  being  found  in  the  Lithographic  Slates.  Polycheles,  Heller,  and  IVillemoesia, 
Grote,  are  recent  deep-sea  forms. 

(3)  In  the  Pedinuridae  (Loricata)  the  body  is  stout,  antennal  scale  small,  and  all 

Boston  Soc.  Nat.  Hist.,  VII.),  1863. — Fritsch,  A.,  Ueber  die  Callianasseu  der  bdhmischen  Kreide 
(Abhaudl.  Bdhm.  Ges.  Wiss.  [6],  I. ),  1868. — Carter,  J.,  Oil  Orithopsis  Bonneyi  (Geol.  Mag.  [1], 
IX.),  1872. — Decapod  Crustaceans  of  the  Oxford  Clay  (Quar.  Jourii.  Geol.. Soc.,  XLII.),  1886. — 
(Ihid.  LIV.),  1898. — Woodward,  H.,  Macrurous  Crustacea,  etc.  (ihid.  XXIX,,  XXXII.),  1872-76. — 
Tribolet,  M.,  Descriptions  des  Cru.staofe  du  terrain  neoconiien  (Bull.  Soc.  Geol.  France  [3],  II., 
III.),  1874-75. — Bittner,  A.,  Brachyuren  des  vicentischen  Tertiiirgebirges  (Denksclir.  Akad.  Wiss. 
Wien.,  XXXIV.,  XL VI.),  1877-83. — Winkler,  T.  C.,  Ptudes  sur  les  genres  Pempliix,  Glypliaea,  et 
Araeosternus  (Arcliiv.  Musee  Tyler  [2].  I.),  1883. — Ortmann,  A.  E.,  Das  System  der  Decapoden- 
Krebse  (Zool.  Jalirb.  Syst.  Abth.,  IX.),  1896. — On  Linuparus  in  the  Upper  Cretaceous  of  Dakota 
(Amer.  Journ.  Sci.  [4],  IV.),  1897. — Moericke,  W.,  Die  Crustaceen  der  Strainberger  Schichten 
(Palaeontogr.  Suppl.,  II.),  1897. — Lorenthey,  E.,  Ueber  die  Brachyuren  der  pal.  Saminlung  des 
Bayerischen  Staates  (Terineszetrajki  Fiizetek  Budapest,  XXI.),  1898. — Beitrag  zur  Decapodeufauna 
des  ungarisehen  Tertiars  (ibid.-,  also  in  Math.-naturw.  Ber.  aus  LTngarn  XIV.),  1898. 
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tlie  feet  iion-clielate.  Carapace  very  thick  and  rigid,  its  frontal  portion  always  united 


f lO.  Ido-'). 


Ai’rjer  tijnilarius,  Sclilotli.  sp.  l.itlio'.'rapliic  Slates  ; Eiclistadt,  Bavaria.  "'3. 


with  the  segment  of  the  antenmdae. 


The  olde.st  rejire.sentatives,  Scaphem  and 


l-'iG.  13SG. 

Eryon  proi>inquu.i,  Sclilotli.  sp.  Lithoftraiiliic  Slates ; Solenliofen,  Bavaria.  1/3. 

Praeatya,  Woodward,  are  Liaswic.  Mecochirus,  Kef.  (Fig.  1387),  is  found  in  the  Middle 
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and  Upper  Jura.  Palinurina  and  Cancrinus,  Miinster,  occur  in  the  Lithographic 


Mecocliims  longimanus,  Scliloth.  sp.  Lithographic  Slates  ; Eichstadt,  Bavaria.  Vc- 


Fig.  1389. 


Slates.  Palinurus,  Mtinst.,  and  Linuparus,  Gray, 
range  from  the  Upper  Cretaceous  to  Recent. 

(4)  The  family  Scyllaridae  (with  the  genera 
Podocrates,  Becks,  and  Eurycarpus,  Schliiter,  from 
the  Upper  Cretaceous ; Scyllarus,  Fabr.,  ranging 
from  the  latter  to  Recent ; and  the  Eocene  genera 
Archaeocarahus,  M‘Coy,  and  Scyllaridia,  Bell)  differs 
from  the  Palinuridae  in  having  a depressed  carapace 
and  lamellate  antennae. 

(5)  The  Ghjplieidae  contain  but  one  recent  genus, 
Araeosternus,  de  Man,  from  Sumatra,  but  have  a large 
series  of  fossil  forms.  The  family  resembles  the 
Palinuridae  in  structure  of  appendages,  but  in  all 


Fig.  13S8. 

Pemphix  Sueurii,  Desm.  JIuschelkalk  ; Crailsheim, 
■Wurtemberg.  i/j. 


Glyphaea  tcnuU,  Opp.  Lithographic  Slates ; 
Eichstiidt,  Bavaria.  A,  Side-view,  i/j.  B,  Rostral 
region  enlarged,  o,  a",  First  and  second  pairs  of 
antennae ; o,  Eye ; s.  Antennal  scale  ; sf,  Base  of 
second  pair  of  antennae. 
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other  res2)ects  a])j)roatlie!i  tlie  Astaddae.  Carapace  solid  and  roughened,  cervical  suture 
deep  ; sternum  narrov  ; legs  monodactyle,  the  first  pair  being  the  largest,  and  in  some 

cases  suh-chelate.  Pemphiy,  v.  Meyer  (Fig.  1388), 
occiu-s  in  the  Mu.schelkalk  ; Lithoyasfer  and 
(ib/plmeu,  V.  ^Meyer  (Fig.  1389),  range  from  the 
Trias  to  Cretaceous  ; I’seudoylyphaea,  Ojipel,  is 
Jurassic;  and  Meyeria,  M‘Coy,  Xeocomian. 

(6)  The  AxtaciiJuc  are  distinguished  hy  the 
po.ssession  of  a narrow  sternum  ; chelate 
aj)2»endages,  of  which  the  lii-st  pair  is  very 
strongly  developed,  and  an  antennal  scale.  Roth 
salt-  and  fresh -water  forms  occur.  Eryma,  v. 
iMeyer  (Fig.  1390),  Pacudaxfticus,  Stenochirus, 
Etullonia,  (3ppel,  are  found  in  the  Lithograidiic 
Slates.  Isolated  chelae  of  Mayila  (Fig.  1391)  are 
ahundant  throughout  the  Jura.  Enoplonjtia, 
itPCoy  ; NymplKteopa,  Schliit.  ; Hoploparia^ 
i\l‘Coy;  Oncopariu,  Roscpiet ; and  Palaeanfacus, 
Bell,  occur  in  the  Ui)per  Cretaceous  of  West- 
pluilia,  Bohemia,  and  England.  Homarus,  Milne- 
Fldw.  ; Eeplmipx,  Leach  ; and  Astacux,  Fahr., 
range  I'rom  the  U]iper  Cretaceous  to  Recent. 

(7)  The  ThaUisdnidae 
have  the  abdomen  much 
elongated,  caraiiace  with 
two  longitudinal  sutures, 
anterior  feet  the  largest 
lie.  13111.  and  chelate,  and  whole 

body  e.xcejit  the  chelae 
encIo,sed  in  a thin  integu- 
ment. Numerous  chelae 
referable  to  CuUtanaissa, 

Leach  (Figs.  1392,  1393i,  are  found  in  the  Cretaceous  and  Tertiary.  Tli<U(tsdnu,  Latr., 
is  Tertiarv  and  Recent. 


l-'Ki.  1.3H0. 

Enjhw  h jifodartyUiKi,  (Jonn. 


jn'ajiliic  Slat 
(after  ( )ppel). 


sp.  Litho- 


Solenhofen,  Bavaria.  i 


MtnjilH 

Quenst.  sj>. 

SuHiiifjen, 

Chela. 


sujn'ojKrcih^i:!, 
Upper  Jura  ; 
Wiirtemberg, 


sligl 


(8)  1 he  (riddllifiidae  diller  trom  the  last  lamily  in  having  the  broad  abdomen 
itl\  recurved  below  ; ce])halothorax  strongly  calcified  and  with  numerous  transverse 


Fio.  130-->.  Fid.  1393. 

i rdliniwssi'  Arrhi/td,  .M.-Eclw.  Tiironiaii ; Mont-  O'Hianussa  anfir/vf’,  Otto.  Turonian  ; Tiirnau, 
flragon.  \ar.  (alter  Milne-Eilwanl.-).  liolieiiiia.  Kiglit  chela. 


lurrows;  posterior  pair  of  feet  very  small  and  deRcate.  F’ossils  are  extremely  rare, 
and  consist  only  of  chelae  of  Gnlnfhm  from  the  Tapper  Cretaceous  of  Faxoe.  Equally 
rare  are  the  chelae  of  Pi/yurns,  belonging  to  the  Payuridae  or  Hermit  Crabs,  described 
Irom  the  Eocene  of  Hungarv. 
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Sub-Order  B.  BRACHYURA.  Latreille.  (Craljs.) 


Abdomen  short  and  reduced,  loithout  caudal  Jin,  and  curved^  around  agccinst  the  exca- 
vated ventral  surface  of  the  ceidialothoraxj ; in  the  nude  narrow  and  pointed,  with  one  to 
hoo  pairs  of  ahdomincd  feet ; in  the  female  broad,  loith  four  pairs.  Carapace  frequently 
broader  than  long,  usucdlij  depressed ; antennae  short;  third  'pair  of  niaxillipeds  com- 
pletely covering  the  mouth  parts. 


(1)  The  Dromiacea  (Notopoda)  have  the  carapace  suh-triangular,  suh-quadrate, 
or  sub-orhicular,  and  the  fifth  pair  of  feet,  which  are  sometimes 
chelate,  are  carried  dorsally.  Prosopon,  v.  Meyer  (Fig.  1394), 


Eig.  1394. 


A,  Prosopon  marginatum,  v.  Meyer.  Upper  Jura  (e) ; Oerliiiger  Valley, 
near  Ulm.  B,  P.  personatum.  Upper  Jura  (y) ; Weissingeii,  Wurteiu- 

berg.  Rostrum  enlarged.  C,  P.  acideatum,  v.  Meyer.  Same  locality  as  A 
and  i).  Dj  P.  pustulatum,  Quenst. 


Fio.  1395. 

Dromio2}sisrugosa,  Schlotli. 
sp.  Uppermost  Cretaceous ; 
Faxoe,  Denmark. 


apjiears  in  the  Lower  Oolite,  is  abundant  in  the  Upper  Jura,  and  persists  into  the 
Neocomian.  Similar,  but  somewhat  larger  forms  with  Ijroader  carapace  occur  in  the 


A n c 


Fig.  139B. 

A,  B,  Panina  Marestiana,  Kbnig(  = P.  Helli,  Schafli.).  Eocene;  Kressenberg,  Bavaria.  Ventral  and  dorsal 
views.  C,  Chela  of  P.  PoKiZ/eana,  M.-Edw.  Eocene  ; Biarritz,  France.  Vs* 

Ujiper  Cretaceous.  Such  are  Dromiopsis,  Reuss  (Fig.  1395);  /A'n/iAorsfm,  Xoetling  ; 
and  Pohjcnedium,  Reuss. 

(2)  The  Eaninoidea,  have  the  carapace  somewhat  elongate,  broadest  and  truncate)  in 
front,  chelae  strongly  compressed,  and  the  other  feet  flattened  and  natatory.  Raniella 
and  lianinoides,  Milne-Edw.,  occur  in  the  Upper  Cretaceous.  Panina,  Lam.  (Fig. 
1396),  ranges  from  Eocene  to  Recent. 

(3)  The  OxAjstomata.  hai'e  a rounded  cephalothorax  with  the  frontal  region  not 
projecting.  The  external  niaxillipeds  together  have  a triangular  outline,  their  apices 
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being  just  beliiiul  the  excurrent  gill  oix-ning.  Palaeocoryste»,  Bell  (Fig.  1307),  ranges 
from  the  flault  to  Eocene.  Eucorystes  and  Xecrocarcinus,  Bell  (Fig.  1308),  are  Cre- 


Fin.  13117. 

Folaeororystcs  Stokesi, 

JIant.  S]).  Uiipcr 

Greensand ; Cam- 
bridge, England. 


Fig.  13as. 


Xecromrci n us  tricari natus, 
Bell.  Green.sand  ; Cam- 
bridge, England  (after  Bell). 


Fi(i.  13<)9. 

M iiTomiia  tuherculota, 
Bittner.  Eocene ; San 
Giovanni  lllariene,  Italy 
(after  Bittner). 


taceous ; Hepaliscus, 
Bittner,  is  Eocene  ; 
Calapjta  and  Ma- 
futa,  Fabr.,  range 
from  Eocene  to 
Recent. 

(4)  I n t h e 
Oxyrhyncha,  or  tri- 
angular crabs,  the 
cejihalothorax  is 
broad  behind, 
liointed  in  front. 


and  the  external 

maxillijieds  (liuccal  Irame)  are  fjuadrilateral  in  outline.  Fossil  forms  few  and  small. 


Micromaia,  Bittner  (Fig.  1300),  and 
Microthorax,  Noetling,  are  Eocene  and 
Miocene  respectively.  Lamhrus,  Leach, 
is  Eocene  and  Recent. 

(5)  The  Cydometopa  (Cancroidea) 
have  a broad  carapace,  arcuate  in  front 
and  narrowed  Ijehind,  without  prominent 
rostrum.  The  trilie  is  subdivided  into 
the  swimming  crabs  (Portimidae)  and 
shore  crabs  (Cnncridae),  the  former  being 
distinguished  by  their  lamellate  feet,  the 
fifth  jiair  terminating  in  a broad  Hattened 
paddle.  To  the  first  group  lielong  Xrp- 
tmtusniv]  Adtelous,  (\e  JIaan;  Charyhdis, 

Dana  ; Eorfiaufes,  Bell ; J’sammocarcinu.'i, 

IM.-Edw.  (Fig.  1400),  etc.,  which  make 
their  appearance  in  the  Eocene.  The  .Miinc-EdwaVds). 
Cnncridae  are  older;  Pnlncocarpilius,  !M.- 
Edw.,  ajijiearing  in  the  Up]ier  C'retaceous  and  Eocene 


Fio.  1400. 


I’sammomrcinus  Herirortif  Dcsm.  .sj).  Middle  Meeres- 
sand  (Miocenp);  Le  Gue-a'Tresme.s,  France  (after  A. 


and  Panopaeus,  ]\1.-Edw., 
ranging  from  Cretaceous  to 
Recent.  Ha  ipactocarcinus, 

M.  - Edw.  ; Lohocarcinufi, 
Reiiss  (Fig.  1401);  Xnn- 
lliopsis,  M‘Coj-  (Figs.  1402, 
1403),  are  very  abundant 
in  the  Eocene ; Ateryafis, 
de  Haan,  in  the  Oligocene  ; 
Xantho  and  Cancer,  Leach, 
in  the  Neocene.  Nepfocar- 
cinus  and  Caret nocarcinus, 
Liirenthey,  are  described 
from  the  Eocene  of  Hungary 
and  Bavaria  respectively. 

(6)  The  Catomefopa  have 
the  carapace  quadrilateral 
in  outline,  the  front  being  aluuptly  truncated  or  slightly  arcuate,  and  the  sides  nearly 
straight  and  converging  behind.  Living  species  are  marine,  Huviatile,  or  terrestrial. 
Galenop-vs,  Coelorna,  M. -Edw.  (Fig.  1404);  Litoricola,  Woodw.  ; and  Palaeograpsus, 


Fig.  1401. 

Lohocarcimts  Pauli no-U’urtcmhergicus,  v.  Meyer, 
near  Cairo,  Egy])t.  Male. 


Eocene  ; Mokkatam, 
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Bittner,  are  known  from  the  Eocene  and  Oligocene.  The  recent  Thelphusa, 


Fig.  1024. 

Xanthopsia  Kressenbergams,  v.  Meyer.  Eocene  ; Kres.senberg,  Bavaria.  Male,  ^•entral  and  dor.sal  aspeet.s,  i/o. 


Latr.,  and  Gecarcinus,  Leach,  occur  in  the  fresli-water  Miocene  heds  of  Oeningen 


Fig.  1403. 


Fig.  1404. 


Xanthopsis  Bruckmanni,  v.  Meyer.  Eocene ; Soiitliofen, 
Bavaria.  Ventral  view  of  female,  '/i- 


Cocloma  vigil,  M.-Edw.  Eocene;  Laverda, 
Italy. 


and  Engehvies  in  Baden.  Archaeoplax,  Stimpson,  is  found  in  tlie  iMiocene  of  Gay 
Head,  Massachusetts. 


Order  5.  EDRIOPHTHALMA.  Leach. 

(Arthrostraca,  Bunneister  ; Tetradeccqioda,  Dana.) 

Malacostraca  with  lateral  sessile  eyes,  usually  until  seven,  more  rarely  six  or  fewer  free 
cephalothoracic  segments,  ami  an  equal' numher  of  pairs  of  legs  adapted  for  creeping  or 
swimming. 

Sessile-eyed  Crustacea  are  someivhat  rare  in  the  fossil  state,  and  as  a rule  are 
imperfectly  preserved  ; this,  taken  in  connection  with  the  fact  that  the  classification  is 
largely  based  njion  the  minute  mouth-parts,  makes  the  identification  and  systematic 
arrangement  very  difficult  and  often  impossible. 
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manue. 


Fiii.  lIO-'j 


Uk;.  HOC). 

( 1(1  lit  mri riis  Oeii i ngensis, 
IHer.  Miocene;  Oenin- 
"en,  Baiien.  -/j. 


Sub  Order  A.  AMPHIPODA.  Latreille. 

Ihxhj  Interalhj  ampreaml,  with  ijilU  borne  on  the  banes  of  the  walking  feet ; abdomen 
elongate,  the  three  anterior  feet  natatorg,  the  rest  2>osteriorlg  direeted.  and  saltatory. 

Tlie  Aiiipliipods,  or  Ijeacli  fleas,  are  mostly  small,  aquatic  animals,  and  generally 
They  live  in  shallow  crater  between  rocks,  beneath  seaweed,  etc.,  or  in  some 
cases  in  tubes  or  burrows  constructed  l>y  themselves.  They  leave 
tracks  upon  the  surhice  of  mud  and  siind  Mliich  resemble  the 
Palaeozoic  A crcifra.  Fos.sil  remains  are  extremely  scarce,  and  are 
derived  chiefly  from  fresh-water  strata. 

A few  Palaeozoic  forms  have  been  described  under  the  name.s 
of  Xe.crogamrnariis  Salwegi,  AVoodw.,  from 
the  Ludlow  beds ; Dijdostyl as  Dawsnni, 

.Saltei-,  from  the  Carboniferous  of  Xova 
Scotia ; Palacorchestiu,  Zitt.  (Fig.  1405), 

J‘('lo.€0)'ch€st ift  jxu'ftlb'h' . 4’,  , i.i  /"t  i a r i • t 

Kritsch  sp.  Coal  M.-as-  Coai  Pleasures;  alia  Jjosfrirhojnis,, 

iires ; Li.sck,  near  iF'iann,  Coldf,  from  the  Culm  Measures  of  Herborn. 
liohemia.  iq  (after  r,,,  . , 

I'ritscli).  i nese  are  all  jirobfematical  forms  of  doubtful 

relationship.s.  Le.ss  uncertain  in  its  jiosition 
is  Acunthotelson,  ^leek  and  AV.,  from  the  Carboniferous  of  Illinois, 
wliich,  although  raised  by  Packard  to  ordinal  rank  (Sgneariila,  see  above  under 
Srhiagnida),  .shows  no  htatures  incompatible  with  Amphijiod 
relations.  The  few  Tertiaiy  forms,  .such  as  Gannnarns,  Fabr. 

(fig.  1400);  7’yp/o.s,  Risso  ; and  7'a/oco(/a)/G/?o)-)(.s’,  Zadd.,  closely 
resemble  lie  ing  type.s. 

Sub-Order  B.  ISOPOD  A.  Latreille.^ 

Bodg  digircssed,  usually  broad,  flat  below,  rounded  above; 
with,  .seven  free  thoracic  segments,  and  no  strongly  developed 
earajiaee.  Gills  borne  on  the  lamellar  ajipendages  of  the  abdomen, 
which  IS  short-rinyi'd  and  often  reduced,  its 
•segments  jnirtially  fused.  Caudal  seipnent 
relatively  large,  shield -shaped. 

Alo.st  Isojiods  are,  marine,  frc(|uenting 
the  coast  ; a few  inhabit  fresh  water,  and 
aljout  an  equal  numlier  (Oniscidae)  live  in 
moist  terrestrial  localititcs.  Of  the  .some- 
what rai’e  fos-sil  remains,  Praearcturns, 

Woodward,  is  a large  form  from  the  Old 
Red  Sandstone  of  Herefordshire  ; Arnphi- 
peltis  jiarado.rus,  Salter,  occurs  in  the 
Devonian  of  Xo\a  .Scotia;  Arthropleura, 


Fin.  HOS. 


A,  Arrhap.fmlficus  Jlrodei^ 
roidaii,  is  found  in  the  Coal  ^feasures ; M.-Kdw.  Pnrbeck ; Vale  of 

Urdu,  Munster  (Fig.  1407;,  in  the  Litho 


Wardour,  Wilfsliire.  i>/i 
(after  Wooihvard).  li,  Fra(;- 


graphic  Slates;  Archaeoniscus,  AI.  - Kdw.  of  matrix,  iq  (after 

^ ^ ’ Qnensto(U). 


Fit..  14M7. 

I'l'ihi  ro9trt't>'y  Miin.sl. 

Litho;;ra{iliic  Slal»*s  ; 

SolonliofcH,  Bavaria. 

^ I (aflcr  Kuritli'. 

tFig.  1408),  in  the  English  Pnrbeck 

' Literiitui'f  ; 

MU iw-ICit wants,  //.,  Siir  ileux  enistact-.s  fo.s.siles  (Ann.  Sci.  Xat.  Zool.  [2],  XX.),  1843. — On 
.\rcli.aeoniscus  (Ann.  Ara,;;.  Xat.  Hist.  [2],  XIII.),  1844. — Mej/er,  U.  v.,  Uelier  1’alaeoni.scn.s  obtu.sns 
I’al.aeontogr. , 5.),  18.78. — Kunth,  H.,  Crustaceen  von  Solenhofen  (Zeitsclir.  ilentscli.  geol.  Ges., 
.X.XIb),  1870. — Wooitwarit,  II..  Several  papers  on  Briti.sli  Fos.sil  Isopoils  in  Trans.  Woolhope  Fielil 
t'lub,  18<0  : Geol,  Alag.,  \ II.,  1870  ; [3],  VII.,  1890  ; [4],  V.,  1898  ; ainl  Qnar.  Jonrn.  Geol.  Soc., 
XXXV.,  1879.— .1  nrmon,  I,,  r.,  Beitrag  znr  Kenntniss  her  f'os-ilen  Asseln  (Sitznng.sber.  Bayer.  Akad. 
\\iss.\  1882. — Carter.  .T.,  On  Fossil  Isopods  (Geol.  Mag.  [3],  VI.),  1889. 
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Oydosphaeroma,  Woodw.,  in  the  Great  (dolite  and  Purbeck  ; Palaeijd,  A'oodw. 

1409) ,  in  the  brackish  water  marls 
(Oligocene)  of  Paris  and  the  Isle  of 
Wight.  Eosiihaeroma,  Woodw.  (Fig. 

1410) ,  and  several  Oni.scids  are  found 
in  the  Miocene  of  Oeningen,  Baden, 
and  in  amber. 

[The  different  oi'ders  of  Mafucostraca, 
with  the  exceiition  of  the  Pliyllooarids, 
liave  been  revised  by  Professor  J.  S. 

Kingsley,  of  Tufts  College,  ilassachusetts. 

He  has  also  drawn  up  tlie  diagnoses  of 
tlie  larger  groups  of  Arthropods,  and  the 
entire  MS.  for  this  phylum  has  received 
the  benefit  of  his  expert  criticism. — 

Tuan.s.] 


Class  2.  ACERATA. 

Kingsley. 

Primitively  branchiate  Arthropods 
in  which  the  branchial  folds  fanction  as 
gills  or  as  lungs,  or  become  metamor- 
phosed into  air-tubes  (tracheae)  penetrat- 
ing the  body.  The  body  is  divided  into 
tioo  regions,  cep)halothorax  and  abdomen. 


(Fi 


Fig.  1409. 

Palaega  scrohiculata,  v. 
Ammon.  Lower  Oligo- 
ceiie  ; Haring,  Tyrol,  an, 
Antennae  ; u,  Eyes  ; p^, 
Ilindermost  swimming- 


Fk;.  1410. 

A,  Eospluicrnma  Brongniarii , 
M,-Edw.  Middle  Oligocene; 
Butte  de  Chaumont,  near  Paris. 
3/|  (after  Woodward).  B,  Frag- 
ment  of  matrix,  i/i  (after 
Qnenstedt). 


the  line  betioeen  the  two  passing  behind  foot;  i— vn,  Thoracic 
t/ie  Sixth  pair  of  apipendages.  Cephato-  se<unents. 
thoracic  segments  usually  coalesced,  those 
of  the  abdomen  either  free  or  fused.  Frecpiently  a pjejst-anal  spine  is  present.  Antennae 
lacJcing ; genital  openings  upton  the  first  abdominal  somite;  midgut  long;  spermatozoa 
motile  ; development  vAthout  naupUus  or  zoea  stages. 


The  sole  living  representative  of  tliis  group,  Limulus,  has  long  been  regarded  as  occupiying 
a pieculiarly  isolated  position  among  Crustacea.  Its  Arachnidian  affinities  were  long  ago 
pointed  out  by  Straus-Durckheim,  and  additional  reasons  for  removing  the  IMerostomes  from 
association  with  the  Crustacea  have  been  brought  forward  by  later  writers,  among  whom  may  be 
mentioned  H.  and  A.  lililne-Edwards,  Dohrn,  Lankester,  van  Beneden,  Kingsley,  and  Laurie. 

The  points  most  relied  upon  for  the  association  oi  Merostomata  and  Arac/niula  are  : (1) 
the  numerical  homologies  of  the  segments  and  appendages  ; (2)  the  exact  homologies  existing 
in  the  respiratory  organs  ; (3)  the  fact  that  the  cephalothoracic  appendages  are  pediform,  the 
basal  joints  serving  as  jaws  ; (4)  the  presence  of  true  nep>hridia  opening  in  the  base  of  the 
third  or  fifth  pair  of  appendages,  or  in  both  ; (5)  genital  openings  in  the  seventh  (or  more 
probably  eighth)  segment  of  the  body  ; (6)  extreme  length  of  tlie  inidgut  ; (7)  presence  of  an 
internal  structure,  the  entosternite  ; (8)  inclusion  of  the  ventral  nerve  cord  and  its  nerves  in 
the  sternal  arteiy  and  its  branches  ; (9)  the  close  similarities  in  the  central  nervous  system 
(Kingsley). 

The  Aecrata  are  divided  into  two  groujis — Merostomata  and  Araeluiida. 


Sub-Class  1.  MEROSTOMATA.  (Dana.)  Woodward.^ 

Six  pairs  of  ambulatory  limbs  about  the  mouth,  the  first  of  which  in  .some,  if  not  in  all, 
cases  terminate  in  chelicerae.  The  rest  serve  as  organs  of  locomotion,  and  their  co.cal 

1 The  best  bibliographies  of  Merostomata,  including  also  historical  reviews  of  the  group,  are  to 
be  found  in  the  following  memoirs  : — Wooduwd,  II.,  A Monograph  of  the  British  Fossil  Crustacea  of 
the  Order  Merostomata  (Palaeont.  Soc.  pp.  21-30),  1866-78. — Packard,  A.  S.,  On  the  Carboniferous 
Xiphosurous  Fauna  of  North  America  (Mem.  Nat.  Acad.  Sci.  III.  pp.  153-156),  1885. 
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juints  for  prehension  and  mastication.  Behind  the  mouth  is  a sinejle  or  paired  metastoma. 
Cepdialothorax  depressed,  vnth  usually  a pair  each  of  median  ocelli  and  lateral  compound 
eyes.  Itespiration  by  means  of  lamellate  branchiae  gill-boolcs”)  borne  on  appendayes  two 
to  six  of  the  abdomen,  and  pirotected  by  the  enlarged  first  pair  {operculum)  ichich  covers 
them.  In  Lirnulus  there  are  no  salivary  glands,  no  Malpighian  tubules,  and  no  embryonic 
membranes  {^‘  arnnion”)  are  found  in  development. 

The  prevailing  modern  opinion  is  that  the  body  is  divided  into  two  regions  only 
(ceplialothorax  and  abdomen)  instead  of  into  three  (head-shield,  “ thorax,”  and 
abdomen),  as  a nnmber  of  earlier  writers  have  maintained.  According  to  the  latter 
interpretation,  the  abdomen  of  Lirnulus  is  represented  merely  by  the  teLson,  but  in 
Eurypterids  by  a variable  numlier  of  segments. 


Order  1.  XIPHOSURA.  Gronovius.i 

Body,  in  mature  types,  distinctly  trilobed  longitudinally.  Ceplialothorax  large,  semi- 
circular, the  compound  eyes  laterally  situated,  and  ocelli  in  the  centre  in  front.  First  pair 

Metastnma,  vn'th  two  small  accessory  plates.  Abdomen  with  seven 
to  ten  segments,  which  are  dorsally  free  or  coalesced;  the  six 
anterior  ones  provided  vnth  larnellarr  appendages  on  the  under 
side.  Telson  long,  ensiforrn,  movable. 

Family  1.  Cyclidae.  Packard. 

Cephalothorax  small,  orbicular,  discoidal  or  convex,  cal- 
careous or  chitinous,  bounded  by  a distinct  border.  Apipendages 
■nearly  as  in  embryonic  Lirnulus. 

Cyclus,  de  Kon.  (Fig.  1411).  Known  almo.st  solely  by 
the  ceplialothorax  with  its  imiierfectly  jireserved  appendage.s, 
which  seem  to  be  sim])le  swimming  legs.  Tlicir  enlarged 
joints  cover  the  ventral  surface  of  the  carajiace  everywhere 
except  in  the  centre,  which  is  occupied  by  a V-shajied  plate, 
towards  the  pointed  extremity  of  whicli  all  the  basal  joints  of  the  limbs  converge. 
Coal  Measures  ; Great  Britain  and  Illinoi.s. 

Some  of  tlie  described  species  are  apparently  larval  Eurypterus,  Stylonurus, 
Presticichia,  etc. 


of  apipendages  chelicerate. 


l-'l'..  l-Hl. 

t'lirlns  (hitcricnnits.  Pack. 
Coal  Measures ; Mazon  Creek, 
Illinois.  Showing;  traces  of 
legs  ami  alimentary  canal.  ',j. 


* Literature  : 

lloeveu,  J.  run  i/er,  Rccherclies  .sur  I’liistoire  nnturelle  et  I’anatomie  des  Liniules.  Leyden, 
1838. — Miinsfer.  O'.  <iruf  zu,  Beitriige  zur  I’etrefaktcnkunde,  Hefte  1.,  III.,  1840. — Oegenbaur,  C., 
Aii.atoniisclie  Untersucliungcii  eines  Lirnulus  (Abliandl.  iiaturf.  Ges.  Halle,  IV.),  1858. — Bail!/.  IT.  //., 
Explanation  of  Slieet  137  of  the  Maps  of  the  Geol.  Surv.  Scothand,  1859. — Remarks  on  Belinurus 
(Ann.  Mag.  Nat.  Hist.  [.3],  XL),  1803. — Gkhel,  V.  G'.,  Lirnulus  Decheni  (Zeitschr.  ge.samint.  Xaturw. 
X.XL),  1803. — .lAWr,  B..  and  iPurt/ien,  ,1.  //.,  Report  Geol.  Surv.  Illinois,  vol.  III.  p.  547, 

1808. — Wooitu-uri/,  II. . On  N’eolimulus  (Geol.  Mag.,  V.),  1808. — On  the  Genus  Cyclus  {ibid.  VII.  p. 
554  ; also  [4],  I.  p.  530),  1870-94. — Notes  on  Merostoinata  {ibid.  IX.),  1872. — Duhrn,  A.,  Enibryo- 
logie  und  Moi'iihologie  des  Lirnulus  (.Jeiiaische  Zeitschr.,  VI.),  -Packard,  .1.  <S'.,  Development 

of  Lirnulus  (Mem.  Boston  Soc.  Nat.  Hist.,  I.),  1872.— Anatomy,  Histology,  and  Embryology  of 
Lirnulus  (.Vnniv.  !Mem.  Boston  Soc.  Nat.  Hist.),  1880. — Carboniferous  Xiphosurous  Fauna  of  North 
America  (Mem.  Nat.  Acad.  Sci.,  HI.),  1885. — Milne- lidwards,  A.,  Recherches  sur  I’anatomie  des 
Liinulus  (Ann.  Sci.  Natur.  Zool.  [5],  XVII.),  l9,lZ.—Lankester,  E.  B.,  Lirnulus  an  Arachnid  (Quar. 
Journ.  Microsc.  Soc.,  XXL),  1881. — Peach,  B.  A.,  Further  Researches  among  Crustacea  and  Arach- 
ni<la  (Trans.  Roy.  Soc.,  Edinburgh,  XXX.),  1882. — Williams,  II.  S.,  New  Lirauloid  Crustacean  from 
the  Devonian  (Amcr.  .Joum.  Sci.  [3],  XXX.),  \9,?,b.—lIaU,  J.,  .and  Clarke,  J.  M.,  F.alaeontology  of 
New  York,  A'll.  p.  15-3,  1888. — Kishenovye,  K.,  Development  of  Liinulus  (.Journ.  Coll.  Sci.  Tokyo, 
V.).  1891. — Kingsley,  J.  A,  Embryology  of  Lirnulus  (Journ.  Morphoh,  VIE,  VIII.),  1892-93. 
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Family  2.  Belinuridae.  Packard. 

Body  limuloid  in  general  aspect.  Gephalothorax  with  long,  slender  genal  spines ; its 
appendages  as  in  larval  Limulus.  Abdomen  with  the  segments 
distinct ; telson  long  or  short. 

Belinurus,  Kiinig.  (Fig.  1412).  Ceplialotliorax  liorseslioe- 
sliaped;  its  central  portion  sub-quadrate  and  surrounded  by  a 
broad,  flat,  marginal  area.  Abdomen  with  eight  segments, 
besides  the  very  long,  slender  caudal  spine ; segments  seven 
and  eight  are  consolidated.  Coal  Measures  ; Eurojie  and 
Illinois. 

Prestwichia,  Woodw.  {Euprodps,  M.  and  W.).  Differs  from 
Belinurtis  in  having  seven  abdominal  segments  l^esides  a short 
caudal  spine.  Coal  Measures  ; Europe  and  Illinois. 

Protolimuliis,  Pack.  Cephalothorax  large,  with  small 
appendages ; its  genal  angles  less  produced  than  in  preceding  r^Que^i^n’s 

genera.  Abdomen  with  six  segments  besides  a large,  thick  County,  Ireland.  Vi  (after 

tt  - -n  1-  Woodward). 

caudal  spine.  Upper  Devonian  ; Pennsylvania. 


A,  Limulus  IVcdchi,  Desm.  Lithographic  Slates:  Solenhofen,  Bavaria.  Dor.sal  and  ventral  aspects,  the 
latter  with  legs  partially  preserved.  Original  in  Jtunich  Jluseuni.  l/o. 
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Family  3.  Limulidae.  Zittel.  (Xing  or  Horseshoe  Crabs.)' 

Bodtj  luiu/er  than  brand ; cejdmlothorax  nrdird  dormlhj,  the  central  portion  separated 
from  the  Sides  by  loiujitudinal  ej  moves  ; 'maryinal  area  large  and  fat.  Abdomen  comimsed 
of  Six  consolidated  segments  forming  a simple  snb-triangular  shield,  and  a lom/  slender 
telson.  Six  jiairs  of  abdominal  limbs,  five  of  them  having  over  a hundred  2Mirs  of  gill- 
leaves. 

Limnlns,  Miiller  (Fig.  1413i.  Living  species  belonging  to  this,  the  only  genus  of 
the  family,  occur  on  the  eastern  shores  of  America  and  Asia.  The  four  cephalothoracic 
leet  are  chelate,  the  sixth  pair  I'urnislied  with  a whorl  of  jdates  u.sed  in  pushing  the 
animal  througli  the  mud.  Gills  are  borne  ujion  the  five  po.sterior  2>airs  of  alxlominal 
appendages,  the  anterior  jiair  being  witliout  gill.s,  Init  having  tlie  genital  opening  upon 
the  posterior  face.  A small  sjaecies  of  Limnlns  occurs  in  the  Runtersandstein  of  the 
Vosge.s.  L.  iralrhi  is  abundant  in  the  Lithographic  Slates  of  Bavaria;  L.  Decheni  is 
found  in  the  Oligocene  brown  coal  of  Teucliern,  near  Merseburg. 


Order  2.  SYNXIPHOSURA.  Packard. 


Body  elongated  ; 
distinctly  defined.  ( 


Aifihisjiis  Knfont,  Whitt". 
Ujfpfr  ('ainl)riaii  ; I/xli, 
Wisfoii.sin.  'h’]. 


ccphalotliorax  semicircular  with  the  median  pmrtion  more  or  less 
'ompound  eyes  present  in  some  forms,  ocelli  not  observed  except  in 
Aeohmalns.  Abdomen  distinrthf  trilobcd,  its  segments  free,  the 
pleurae  fiat  and  extended,  and  (e.rcept  in  Bunodes)  terminating  in 
lateral  )>rojections  or  sjiines. 

With  the  excei>tion  of  the  Camlaian  .tglaspis,  all  tlie  genera  be- 
longing to  tliis  Ollier  are  ot  Silurian  age,  and  are  too  imperfectly 
known  as  yet  to  permit  a satisfactory  grouping  into  families,  although 
several  such  have  been  jiroposed  by  Packard.  Zittel  united  them, 
together  with  certain  genera  of  Xiphusura,  in  the  family  Hemiaspidae, 
and  this  term  is  retained  with  the  exclusion  of  the  Xipliosurous  forms 
and  A(jlaspis.  Tlie  latter  is  without  facial  sutures. 

Family  1.  Aglaspidae.  Clarke. 

(’cphah)thorax  moderately  large,  trilobcd ; abdominal  segments 
ii'ith  distinct  axis  and  pleurae ; telson  long,  spiiniform. 


Aglaspis,  Hall  (Fig.  1414).  Ccphalotliorax  with  central 
jiortion  short  and  conate,  in  front  of  which  are  ap]iroximate  com- 
pound eyes  ; bounded  on  all  sides  by  a distinct  border.  Alxlominal 

Cambrian  ; Wisconsin. 


segments  not  grooved  on  the  pleurae 


Family  2.  Hemiaspidae.  Zittel. 

A somewhat  heterogeneous  grouj),  separated  by  at  least  a 
family  diffei'cnce  from  the  Aglaspiilae. 

Xeol im  ulus,  AVocxlw.  Cejihalothorax  short  and  1 iroad,  crescentic, 
elevated  mesially,  and  bearing  ocelli.  Compound  eyes  lateral,  and 
connected  with  the  genal  angles  by  a suture.  Abdomen  very 
broad,  composed  of  at  least  nine  trilobed  segments  ; telson  not 
observed.  This  genus  connects  the  Xijdiosnra  with  the  Synxi- 
phosura.  .Silurian  ; Scotland. 

Bunodes,  Eichw.  {Exapinurus,  Xieszk.),  (Fig.  141.7).  Cejihalo- 
thorax  semicircular,  convex,  with  radial  furrows  from  the  median 
portion.  Eyes  wanting,  and  no  genal  spine.s.  Facial  sutures 
obscure,  converging  from  the  posterior  to  the  anterior  margin. 

Abdomen  divided  into  an  anterior  portion  (“  thorax  ”)  con.si.sting  of  six  trilobite-like 


Fill.  1415. 

Iluiioilcs  htniila,  var. 
Si'hreiila , Xie.szk.  .Silur- 
ian ; HootzikUll,  Oe.sel. 
Po.sterior  .segments  re- 
stored from  another 
si.ecimen  (after  F. 
.Sclimidt). 
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segments  having  a broad  axis  and  lamellar  pleurae  with  diagonal  pleural  lines  ; and  a 
posterior  portion  (“  abdomen  ”)  of  four  narrow  segments,  besides 
a long  and  acuminate  telson.  Silurian  ; Oesel. 

Hemiaspis,  Woodw.  (Limuloules,  Salter),  (Fig.  1416). 

General  form  similar  to  Bunodes.  Cephalo thorax  one-half  as 
long  as  broad,  with  several  genal  S23ines ; central  portion  well 
defined. ' Abdomen  triangular,  with  nine  segments  besides  a 
short  telson.  Abdominal  axis  broad,  with  a median  ridge  ; 
pleurae  short  and  flat.  Silurian  ; England. 

Bunodella,  Matthew.  Cephalotliorax  small,  abdominal 
segments  seven,  acute.  Axial  portion  of  the  body  prominent ; 
telson  not  observed.  Silurian  ; New  Brunswick. 

' Pseudoniscus,  Nieszk.  Body  oval;  cephalotliorax  short, 
with  broad  central  portion  and  large  compound  eyes ; nine 
trilobed  aljdominal  segments  besides  a short  caudal  spine  ; the 
posterior  ones  nearly  parallel  with  the  telson.  Silurian ; 

Oesel. 

Order  3.  EURYPTERIDA.  Burmeister. 

1 

Woodw.  Silurian;  Leint- 
. wardine,  England.  Vi  (after 

Body  elongated,  ivith  a thin  chitinous  epidermal  skeleton  Woodward). 

ornamented  hy  fine  scale-like  markings.  Cephalotliorax  usually 

with  two  large  faceted  lateral  eyes  and  a pair  of  median  ocelli ; on  the  ventral  side  ivith 
six  pairs  of  legs,  of  which  the  first  is  preoral  and  chelate.  Mouth  bordered  posteriorly  by 
a metastoma,  and  anteriorly  by  an  epistoma,  both  simple  plates.  Abdomen  thirteen- 
jointed,  the  anterior  six  segments  bearing  ventrally  five  pairs  of  broad,  leaf-like  appendages 
{apparently  compiarable  to  the  operculum  and  branchial  appendages  of  Limulas).  The 
posterior  six  segments  annular,  without  appendages ; telson  sometimes  spatulate  in  shape. 

This  order,  which  is  restricted  wholly  to  the  Palaeozoic,  embraces  the  largest  Arthropods 
known,  some  of  them  {Ptcrygotus,  Stylonurus)  having  attained  a length  of  over  2 metres. 
The  presence  of  gills  upon  the  branchial  appendages  shows  that  in  all  probability  the 
Eurypterids  were  acpiatic,  and  the  structure  of  their  appendages  indicates  that  they  were 
good  swimmers.  They  are  found  associated  with  Graptolites,  Cephalopods,  and  Trilobites  in 

^ Literature  : 

Dekay,  J.  E.,  On  a Fossil  Crustacean  (Ann.  N.Y.  Lyceum  Nat.  Hi.st.,  I.),  1825. — lioemer  F.  v., 
Ueber  eiu  Eurypterus  (Palaeontogr.,  I.),  1848. — M'Coy,  F.,  Classification  of  .some  British  Fossil 
Crustacea  (Ann.  Mag.  Nat.  Hist.  [2],  IV.),  1849. — Huxley,  T.  II.,  On  Himantopterus  (Quar.  Jouru. 
Geol.  Soc.,  XXI.),  1856. — Idem,  and  Salter,  J.  IF.,  On  the  Genus  Pterygotus  (Mem.  Geol.  Surv. 
United  Kingdom  Monogr.,  I.),  1859. — Faye,  I).,  Advanced  Text-Book  of  Geology,  1856  and  1859. — 
Hieszkowski,  J.,  De  Euryptero  remipedo.  Dorpat,  1858.  (Also  in  Arch.  Naturgesch.  Liv.-Esth.- 
und  Kurlands,  II.),  1859. — Hall,  J.,  Palaeontology  of  New  York,  III.,  1859. — Salter,  J.'  IF.,  Several 
Papers  in  Quar.  Journ.  Geol.  Soc.,  XIX.,  1863. — Woodward,  II.,  Numerous  Papers  in  Geol.  Mag.,  1., 
1864  ; IX.,  1872  ; Quar.  Journ.  Geol.  Soc.,  XXI.,  XXIV.,  XXVIL,  XXVIII.,  etc.,  1865-72. — Idem, 
Monograph  of  the  British  Fossil  Crustacea  of  the  Order  Merostomata  (Palaeont.  Soc.),  1866-78. — 
Grote,  A.  P.,  and  PM,  IF.  II.,  New  Species  of  Eusarcus  and  Pterygotus  (Bull.  Buffalo  Soc.  Nat. 
Sci.,  III.),  1875. — Pohlman,  J.,  Fossils  of  the  Water-Lime  Group)  (ibid.  IV.,  V.),  1882-97. — Peach, 
B.  iV.,  Further  Researches  among  Crustacea  and  Araclmida  (Trans.  Roy.  Soc.,  Edinburgh,  XXX.), 

1882.  — Schmidt,  F.,  Miscellanea  Silurica,  III.  (Mem.  Acad.  Imp.  Sci.,  St.  Petersb.  [7],  XXXI.), 

1883.  — Hall,  J.,  Second  Geol.  Surv.  Pennsylvania,  Rep.  PPP.  1884. — )Vhiteaves,  J.  F.,  Palaeozoic 
Fossils  of  Canada,  III.,  Pt.  1,  1884. — Hall,  J.,  and  Chirke, ,/.  J/.,  Palaeontology  of  New  York,  VII., 
1888. — Claypole,  E.  IF.,  On  Carciuosoma,  etc.  (Amer.  Geol.,  VI.,  XIII.),  1890-94. — Fraipont,  J., 
Eurypterides  nouveaux  du  Devonien  (Ann.  Soc.  Geol.  Belg.,  XVII.),  1890. — Laurie,  J/.,  Eurypterid 
Remains  from  Pentland  Hills  (Trans.  Roy.  Soc.,  Edinburgh,  XXXVII.),  1892. — Anatomy  and  Rela- 
tions of  Euryj)terida  (tJ«L),  XXXVIII.),  1893. — Recent  Additions  to  Knowledge  of  Eurypterida 
(Nat.  Sci.,  III.),  1893. — Whitfield,  R.  P.,  Reiiort  Geol.  Survey  of  Ohio,  VII.,  1893. — Holm,  O., 
Neue  Bearbeitung  des  Eurypterus  Fischeri  (Bull.  Acad.  Imp).  Sci.,  St.  Peter.sb.  [5],  IV.),  1896. 
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the  Ordovician  of  Bohemia  and  Xortli  America  ; with  marine  Crustacea  (Pliyllocarids  and 
Ostracods)  in  tlie  Silurian  ; with  Ostracoderms  and  Arthrodites  in  the  Devonian  ; and  with 
land  plants,  scorpions,  insects,  fishes,  and  fresh-water  amphibians  in  the  productive  Coal 
Measures.  It  is  apparent,  therefore,  that  from  being  originally  marine  forms,  they  became 
giadually  adapted  to  brackish,  and  possibly  even  fresh-water  conditions.  It  lias  been 
suggested  that  certain  clusters  of  small  roe-shajied  bodies  may  be  the  ova  of  Ptcrygolus. 

On  the  under  side  of  the  cejihalothorax  there  are  five  jiairs  of  postoral  appendages.  Thesfe 
legs  consist  tyiucally  of  a basal  joint,  the  inner  margin  of  which  is  armed  with  teeth  and 
serves  as  a jaw,  much  as  in  Limulus  or  Apus.  At  the  iiosterior  end  of  the  tooth-bearing 
margin  is  attached  a small  oval  epicoxite  exactly  similar  to  that  found  in  the  same  place  in 
Limulus,  and  at  the  anterior  angle  is  attached  the  long,  usually  six-jointed  ambulatory 
appendage.  The  last  pair  of  legs  is  charactised  in  all  members  of  the  order  except  Stylonurus, 

by  its  greater  size  and  usually  some- 


what flattened  form,  and  ends  in  an 
oval  plate.  This  is  commonly  termed 
the  swimming  footer  “ paddle,”  but 
Laurie  has  suggested  that  the  animal 
used  it  for  anchoring  or  burying 
itself  in  the  mud. 

The  ventral  surface  of  the  first 
two  abdominal  segments  is  covered 
by  the  ycnital  operculum,  which  con- 
sists of  a ])air  of  plates  meeting  in 
tlie  middle  line  and  having  a median 
lobe  attached  to  them  ; the  latter 
varies  in  form  in  the  same  species, 
correlating  with  sex.  Underlying 
tlie  operculum  are  a number  of  leaf- 
like structures,  which  are  almost 
certainly  branchial  in  function  and 
represent  the  reduced  appcnd.ages  ol 
the  second  free  segment.  The  re- 
maining abdominal  appendages  are  jilate-like  and  bear 
branchiae  on  their  jiosterior  surfaces,  being  in  a general 
way  comparable  to  those  of  Limulus  (Laurie). 


Family  1.  Eurypteridae.  Biirmeister. 


This  family,  in  the  present  condition  of  our 
knowledge,  is  allowed  to  embrace  all  the  members  of 
the  order,  with  character-s  as  given  above.  Future 
investigation  will  undoubtedly'  .show  reason  for  the 
establishment  of  other  families, 
^ and  some  authors  have  already 

been  disjiosed  to  sejiarate  Ftery- 
ijofus  into  a distinct  group. 

Euryp)terus,  Dekay  {Lrpido- 
(lerrna,  Reuss;  (?)  Cam^pllocephalas, 
Fiehw.),  (Figs.  1417-1421).  Body 
elongate,  narrow,  attaining  some- 
Hootzikiiii,  Isi.-iiai  of  times  a length  of  .'30  cm.  Ceiihalo- 
t borax  contained  five  or  six  times 
in  total  length  of  the  body, 
depressed  convex,  .sul)-fiuadrate, 
with  rounded  anterior  angles. 
Anterior  margin  nearly  straight, 
j)Osterior  .slightly'  concave.  Eyes 
reniform,  somewhat  in  front  of  the  middle  ; between  them  and  clo.se  to  the  axial  line 
are  two  ocelli.  The  entire  cephalothorax  bordered  by  a narrow'  marginal  furrow. 


Fig.  1 417. 


Euryptcrus  Fisrheri,  Eichw.  Silurian 
Of.sel.  Restoration  altor  Schniitlt.  •/5  natural  size.  A,  Dorsal 
asjH'ct,  showing  legs  11. — VI.  lieneatli  tlie  c<*|)halothorax,  ami 
1 — 13  abdominal  segments.  J!.  Rasipodites  of  the  first  pair  of  legs 
(7) : tlie  antennae  (o)  between  them  now  known  to  be  chelicerate. 
C,  First  lamellar  appendage  (operculum)  of  the  ventral  side,  i/j. 
o.  M**dian  process  comjiosefl  of  four  .ioints  (id — •*) ; h,  Lateral 
portions  ; r,  Triangular  ]>iece  at  the  base  of  the  lirst  moiety  of  the 
median  process  (after  F.  Schmidt). 


I 


and  the  margin  broadly  enfolded  on  the  ventral  side. 


In  the  middle  of  the  lower  side 
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is  the  cleft-shaped  mouth,  which  is  bordered  laterally  by  the  basal  segments  of  the 
fifth  pair  of  legs,  and  posteriorly  by  the  large  oval  metastoma. 


The  first  pair  of  appendages  were  regarded  by  AVoodward  and  Schmidt  as  filiform  and 
tactile.  Laurie  and  Holm,  however,  have  found  evidence  that  they  are  chelicerate,  and  thus 
more  nearly  in  accord  with  homologous  structures  in  other  members  of  the  family.  The  three 
succeeding  appendages  are  six-  or  seven -jointed,  and  covered  with  fine  spines.  The  fifth  pair 
of  legs  is  eight-jointed,  and  longer  than  those  in  front  of  it.  The  posterior  pair  is  a powerful 
swimming  organ  ; its  great  sub- 
quadrate basal  joints  enclose  the 
metastoma,  and  together  with  this, 
cover  nearly  one-half  of  the  ventral 
side  of  the  cephalothorax. 

The  six  anterior  abdominal  seg- 
ments together  occupy  about  one- 
fourth  of  the  body -length.  They 
are  short  and  broad,  and  nearly 
uniform  in  shape  ; but  the  second 
segment  has  lost  its  hard  skeleton 
on  the  ventral  surface,  and  the  first 
covers  the  greater  part  of  the  genital 
operculum.  This  first  segment  joins  the  posterior 
margin  of  the  cephalothorax  and  consists  of  two  lateral 


Fig.  1418. 


Eiinjptenis  Fischeri,  Eielnv.  Silurian;  Bootzikiill,  Island  of 
Oesel.  Ventral  aspect.  II. — VI.,  Appendage.s  with  the  .joints 
numbered.  I'. — V'.,  Lamellar  appendage.s  of  the  under  side  of 
abdomen,  divided  by  median  suture.  I'.,  First  of  these,  or 
“operculum,”  composed  of  two  poi-tions  (b,  b').  For  abdominal 
segments  after  7 see  next  figure.  i/i  (after  F.  Schmidt). 


Fig.  1419. 

Eurypterus  Fischeri,  Bichw.  Silurian  ; 
Island  of  Oesel.  Female  individual,  !/•> 
(from  Holm). 


portions  a,nd  a median  process.  The  first  six  segments  are  moderately  overlapping  on  the 
ventral  side,  and  divided  by  a median  suture  or  cleft  into  two  parts.  The  following  six 
abdominal  segments  are  ring-like,  tapering  posteriorly,  and  the  body  is  terminated  by  a long 
slender  telson. 

About  twenty-five  species  oi  Eurypterus  are  known,  the  largest  being  about  40  cm.  long. 
They  are  found  tor  the  most  part  in  argillaceous  or  sandy  deposits  in  transition  strata  between 
the  Silurian  and  Devonian  of  England,  Gottland,  Oesel,  Podolia,  and  in  the  Waterlime  Group 
of  Hew  York.  They  are  rare  in  the  Devonian,  but  occur  again  more  frequently  in  the  Coal 
Measures  of  Scotland,  Silesia,  Bohemia,  Saarbriicken,  and  Pennsylvania.  The  last  survivor 
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is  from  the  Permian  of  Bussaco,  Portugal,  where  it  occurs  in  association  with  land  plants 
( U’alclda,  Sphenoplcris).  Type,  E.  rcmipes,  Uekay. 


EcJiinognathus,  Walcott.  Imj)erfectly  known.  Cei)lialothoracic  api)endages  with 
numeroHi5  curved  spine.s,  indicating  an  animal  of  large  size.  Ordovician  ; Ne\v  York. 

Dolichopterus,  Hall.  Sixth 
ceidialothoracic  leg  has  the  two 
moieties  of  the  terminal  joint  sub- 
eipial  in  size,  and  developed  as 
two  distinct  joints,  making  nine 
instead  of  eight  elements  in  these 
ajipendages.  Otherwise  as  in 
Eurypterus.  Waterlime  (Upper- 
most Silurian)  ; New  York. 

Eusarcus,  Orote  and  Pitt 
(1  trepanopterus,  Laurie  ; Eurysoma, 
Cumnosoma,  Claypole).  Eury- 
l)terids  with  the  tirst  six  abdominal 
.segments  greatly  exjjanded,  those, 
following  being  abrui)lly  con- 
tracted. Terminal  joint  of  the 
sixth  cephalotlioracic  appendage 
not  ex]>anded.  (leneral  iuspect  of 
body  scorpion  - like.  Silurian; 
New  York,  Indiana,  Pentland 
Hilk 

Anfhraconectes,  M.  and  W. 
Like  Eurjipterns,  but  without  spines 
on  the  joints  of  the  cejdialothoracic 
a])j)endages,  and  the  median  process 
of  operculum  with  two  accessory  lateral  plates.  Coal  Measures;  lllinoi.s. 

Adelitphlhnlrann,  .Jordan  and  v.  Meyer.  Eyeless  Euryj)terid.s.  Coal  Measures; 
Saarbriicken. 


Fio.  1420. 

rUiiAfptfnia  rrnilpe.^,  Dckay.  Watorliine  (JSilnrian);  Hun'alo, 
Xftw  York.  Ventral  surface  of  youii'' individual.  The  first  (2nd  V) 
jjair  of  le«;s,  relatively  lar'^e  size  and  leii;ith  of  swimming'  feet, 
ainl  abruj)t  posltudor  contraction  of  abtlonnm  are  especially 


notable. 


:5/i. 


Eiirypterella,  Matthew.  Very  small,  elongated  form.s.  Cephalothorax  small, 
the  tirst  four  abdominal  .segments  together  sub-cpiadrate 
outline.  Surface  tnberculated  on  the  j)osterior  edge  of  the 
Devonian  ; New  I’runswick. 


triangular 


segment.s. 


Slimoiua,  Page  {HiwnntnptcrnK,  Salter),  (Fig. 


1422).  Body 

attaining  a-length  of  60  cm,,  and  width  of  1.7  cm.  Ce])halothorax 
sub-rpiadrate,  with  anterior  marginal  eyes  and  median  ocelli.  Preoral 
appendages  in  tlie  form  of  small  stout  2)incers,  much  like  chelicerae 
in  Limuliix,  but  jjrobably  ma.sticatory  rather  than  ]>rehen.sile.  Of 
the  live  ]iairs  of  ))ostoral  a2)2>endages,  the  first  is  modified  to  form 
tactile  organs,  and  is  small  and  chelate  ; the  second  also  slender 
and  j)robably  tactile.  The  first  seven  abdominal  segments  much 
wider  than  the  rest,  and  divisible  into  two  jiarts,  a doi-sal  {icryife) 
and  a ventral  (sfernih’).  The  first  two  sternites  are  repre.sented  by 


the  genital  plate  and  it 
discontinuous  j)lates 
surface.  The  five 


bearing 


posterior  divisions;  tbe 
In-ancbial  lamellae  on 
long 


Fifi.  1421. 

Kuryptcrm  rnnipetf, 
Dekay.  Waterlime ; 
ihiffaio,  New  York. 
Very  young  indivi- 
dual, showing  the 
strongly  anterior  jjosi- 
tion  of  eye.s,  ])aucity 
of  abdominal  seg- 
ments, and  scorpioid 
contraction  of  body. 
Vi- 


other  live  are 
tbeir  inner 

postei-ior  segments  are  long,  nai'row,  and 
cyliudriail.  Telson  like  that  of  Ptcryyotus,  but  produced  into  a 
one  specie.s.  Old  Red  Sandstone  ; Scotland. 

Stylonurus,  Page.  Body  similar  in  general  pro2)ortions  to  Pteryyotus,  and  often 
exceeding  1 m.  in  length.  Cephalothorax  (juadrate  or  sub-pentagonal,  its  margins 


longer 


spine.  Only 
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bent  imder  so  as  to  cover  more  than  one-half  of  the  ventral  surface.  Eyes  large, 
approximate,  sometimes  surrounded  by  strong  orbital  ridges  ; ocelli  on  the  slope  of  a 
median  ridge.  Preoral  appendages  known  only  by  fragmentary  chelicerae.  Of  the 
five  pairs  of  postoral  appendages,  the  first  is  chelate,  the  next  two  are  short,  and  each 
joint  bears  a pair  of  lamellar  processes.  The  last  two  pairs  are  enormously  elongated, 
nine-jointed,  extending  almost  to  the  end  of  the  telson,  and  terminate  in  a sharp  claw. 
Number  of  abdominal  segments  believed  to  be  the  same  as  in  Eihrypterus  ; each  of  the 
posterior  segments  sometimes  bear  a pair  of  detachable  processes  or  epimera.  Telson 


SHmonia  acuminata, 
Salter.  Devonian  ; Lanark- 
shire, Scotland.  Restora- 
tion of  ventral  surface, 
showing  legs  I, — Yl.  and 
abdominal  segments  VII. — 
XIX.  The  first  five  of  the 
latter  with  branchial 
lamellae.  1/7  (after  Laurie). 


Pterjigotus  Oslliensis,  Schmidt.  Silurian  ; Rootziktill,  Island  of  Oesel.  Re- 
storation of  ventral  surface,  a,  Epistoma  ; m,  Metastoma;  oc,  Eyes;  I. — VI., 
Appendages,  with  joints  numbered  serially  in  the  powerful  swimming  pair; 
T. — V'.,  7',  First  six  abdominal  segments.  1/3  (after  F.  Schmidt). 


long  and  slender.  Silurian  and  Devonian;  Scotland.  Upper  Devonian  ; New  York 
and  Pennsylvania. 

Pterygotus,  Agassiz  (Figs.  1423-1425).  Gigantic  Eurypterids,  attaining  a length 
of  over  2 m.  Cephalothorax  semiovate,  with  anterior  marginal  eyes  and  central 
ocelli.  Comb-like  organs  are  present  beneath  the  cephalothorax  as  in  Glyptoscorpius. 
The  metastoma  is  a heart-shaped  plate  attached  along  the  middle  line  to  the  ventral 
wall  of  the  cephalotliorax,  between  the  bases  of  the  last  pair  of  legs,  and  extending 
outwards  and  forwards  so  as  to  enclose  the  jaws  in  a kind  of  chamber.  Epistoma  a 
thin  sendcircular  plate,  occupying  the  same  position  as  hypostoma  in  Trilobites,  and 
having  the  preoral  apj)endages  attached  close  to  its  posterior  border.  The  latter  are 
large  pincers,  probably  prehensile  in  function ; by  Schmidt  and  Woodward  they  are 
represented  as  many-jointed,  but  Laurie  states  them  to  consist  of  but  three  long  joints. 
Behind  the  mouth  are  four  pairs  of  slender  walking  legs,  followed  by  the  large 
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“swimming  feet,”  which  are  similar  to  tliose  in  Eurypteruit,  except  that  tliey  are  less 

broadly  expanded  at  the  tij)s.  Telson  an  oval 
plate,  terminating  in  a slight  projection.  The 
species  first  referred  to  this  genus  {P.  pro- 
hlemuticHH,  Ag.;  is  hut  imperfectly  under-stood, 
and  P.  anylicm,  Ag.,  which  is  well  known,  is 
generally  accejited  as  the  typical  form  of  the 
genus.  Uppermost  Silurian  ; AVales,  Scotland, 
Oesel,  New  York.  Old  Red  Sandstone  ; Scotland. 

Eretlopterus,  Huxley  and  Salter.  As  in 
Pferiigotnx,  hut  with  a hilobed  telson.  Silurian  ; 
Lanarkshire. 

Glyptoscoijnus,  Peach.  Body  attaining  a 
length  of  30  cm.  Surface  covered  with  highly 
developed  scale -markings.  Limbs  ending  in  a 


Fic.  14l’4. 


Flerygntus  nnijlicits,  Agassiz.  I )M  lied  .Saint- 
stone  ; Forfarshire,  Scotland,  liestoration  of 
ventral  surface,  but  seconil  pair  of  legs  not 
repre.sented.  1/5  (after  Wooihvard). 


Fig.  1420. 

I’terygntns  lltiffoloensis,  Grote.  Waterliine  (Silurian); 
Bnllalo,  New  York.  Tlie  toothed  antennal  chela.  Vl*- 


double  claw,  as  in  scorpion.s,  and  the  animal  further  provided  with  a jiair  of  comb-like 
structures  closely  resembling  the  pectines  of  scorjiioins.  Coal  Measures;  Scotland. 


[Tlie  chapter  on  the  Ma'usfomata  was  outlined  in  snlistantiall}'  its  present  form  by  Dr. 
■lohn  M.  Clarke,  of  Albany,  wlio  furthermore  contributed  a number  of  new  illustrations,  both 
lor  tins  section  and  others  on  tlie  Encrustacca  wliich  he  lias  revised  for  this  work.  Some 
additional  details  were  introduced  under  the  generic  diagnoses  by  the  Editor,  and  the  whole 
text  linally  subjected  to  the  criticism  of  Dr.  .1.  S.  Kingsley  and  the  Author. — Tuans.] 


Sub-Class  2.  ARACHNIDA.  Spiders,  Scorpions,  Mites,  etc. 

Acerata  u-ith  six  pi^Ars  of  limbs  around  the  mouth,  at  least  four  of  irhich  are  ambu- 
latory in  function.  Eyes  sim'ple,  variable  in  number.  Pe.sjnrafion  by  liinrj-books  or  by 
tracheae,  these  in  either  case  rlevehqmd  from  gill  leaves  arising  on  the  posterior  surface  of 
one  or  more  abdominal  appendages.  Cephalothorax  usually  without  signs  of  segments 
dorsally.  Abdomen  sometimes  clearly  segmented,  sometimes  with  the  segments  obsolete,  and 
upodal.  Malpighian  tubes,  when  2}resent,  ectodermal  in  origin. 

Six  of  the  eight  order.s  into  which  living  Ai-achnids  are  divided  occur  in  the  fo.ssil 
condition,  and  of  these  the  scoi'iiion.s,  sjiider.s,  and  Pedipalpii  have  existed  ever  since 
the  Palaeozoic.  By  far  the  greate.st  number  of  specie.s  is  preserved  in  amber  of  Lower 
Oligocene  age  from  Ea.st  Prus.sia.  This  fos.sil  gum  act.s  as  a marvellous  preservative, 
the  most  delicate  jiarts,  including  the  tine-st  haiis  and  even  s]iiders’  webs,  remaining 
practically  unaltered. 

The  order  Acari  (Mites,  Ticks)  comjirises  forms  in  wdiich  the  cephalothorax  is 
anchylosed  with  the  unsegmented  abdomen.  Fossil  representatives  occur  in  amber  or 
fresh-water  dejiosits  of  the  Tertiary,  and  belong  with  few  exceptions  to  recent  genera. 
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The  order  Chelonethi  (False  Scorpions)  is  distinguished  from  the  Acari  by  having  a 
segmented  abdomen.  The  recent  genus  Ghelifer  (Fig.  1426)  occurs  fossil  in  amber. 

The  order  Anthracomarti,  as  defined  by  Karsch  and  Scudder,  is  restricted  to  the 
Carboniferous.  The  cephalothorax  and  abdomen  are  distinct,  and  the  latter  is  com- 
posed of  four  to  nine  segments.  The  cephalothorax  frequently  presents  ■\vedge-shaped 
segments  below.  Examples:  Arthrolijcosa,  Harger  (Fig.  1427);  Poliochera,  Geraphryniis, 


Fig.  1426. 

Chelifer  Hemprichii,  Merge. 
Oligocene ; Bailie  amber. 
Copy,  9/j. 


Fig.  1427. 

Arthrolijcosa  antiqua,  Harger.  Coal  Measures; 
Mazon  Creek,  Illinois.  l/i  (after  Beecher). 


Fig.  1428. 

Architarhus  rotund- 
atus,  Sciulcl.  Coal  Mea- 
sures ; Mazon  Creek, 
111.  Under  surface,  l/j. 


Architarhus,  Scudder  (Fig.  1428) ; Anthracomartus,  Karsch  (Fig.  1429) ; Kreischeria, 
Geinitz ; Eophrynus  (Fig.  1430),  Brachypyge,  Woodw. ; Phalangiotarhus,  Haase,  etc. 

The  order  Pedipalpi  has  the  first  pair  of  legs  exceptionally  long ; cephalothorax 
and  abdomen  distinct ; and  some  forms  with  a setigerous  postabdomen.  Certain 


Fig.  1429. 

Anthracomartus  Voelheliamis, 
Karsch.  Carbon  Coal  Mea- 
sures ; Neurocle,  Silesia.  Dor- 
sal surface,  Vi  (after  Karsch). 


Fig.  1430. 

Eophrynus  Prestiuichii,  Buckland 
sp.  Coal  Measures  ; Coalbrookdale, 
England.  Dorsal  surface,  Vi  (after 
Woodward). 


Geralinura  Bohemica,  KuSta  sp. 
Coal  Measures  ; Rakonitz, 
Bohemia,  i/]  (after  KuSta). 


fragments  from  the  Devonian  of  New  Brunswick  are  referred  here  by  Matthew. 
Geralinura,  Scudder  (Fig.  1431),  is  Carboniferous;  Stenarthron,  Haase,  occurs  in  the 
Lithographic  Slates  of  Bavaria.  Phrynus,  Latr.,  is  Tertiary  and  Recent. 

In  the  order  Scorpiones  the  posterior  end  of  the  body  consists  of  a preabdomen  with 
seven  segments,  and  a long  slender  postabdomen  of  six  segments,  the  last  of  which 
forms  a hollow  jioisonous  sting.  Scorpions  are  among  the  oldest  of  Arachnids. 
Palaeophonus,  Thorell  (Fig.  1432),  and  Proscorpius,  Whitf,  are  known  from  the 
Silurian.  Eoscorpius,  M.  and  W.  (Fig.  1433),  Gentromachus,  Thorell,  and  Gycloph- 
thalamus,  Corda,  are  Carboniferous  genera.  A species  of  Tityus,  Kocli,  is  found  in 
amber. 
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The  order  Opiliones  k distingiiislied  from  true  spiders  by  liaving  the  cephalo 

n.\  HTiri  nlif'lmiko'i)  Til  • . - _ ^ 


thorax  and  abdomen  fused.  A number  of 
Haase,  most  of  the  Anthracomarti  sliould 
be  placed  here.  The  Araneae  (Spiders) 
have  numerous  fo.ssil  representatives,  at 
least  one  genus,  Protolycosa  (Fig.  1434;, 
occurring  as  early  as  the  Carbonii'erou.s. 
Tlie  majority,  however,  are  found  in 


species  occur  in  amber,  and  according  to 


Fig.  1432. 

J'dincnphnnns  nvyiriu.i,  Thorell  and  Limlstrijiii 
.Silurian  ; Wi.sby,  (iottland.  i/j  (after  Thorell). 


I'To.  1433. 

Eoscnriii IIS  curhonarivs,  .Meek  ami  \V.  Coal  Mea.snres  • 
blazon  Creek,  Illinois.  ,4,  */i-  II,  I’ecten,  enlarged. 


Ohgocene  amber  (Fig.  1435);  the  lignites  of  Rott ; fresh-water  marls  of  Aix  in 


Coal  Sleasnres;  MizaU/i  rostrfffa,  Kocli  and 
Myslowitz,  Silosia  Bomult.  OliKOoene ; lialtic 
(alter  F.  rtoemer).  amber.  Copy,  ‘Vi- 


Fifj.  143b. 

A ttoidrs  crrziiform  in,  Hrongt . 
; Aix,  Provence, 
(after  Brongniart). 


Fio.  1437. 

71iomUi(8  Ocnifigensis, 
Ileer.  Miocene;  Oen- 
ingen,  Baden,  '-i/i  (after 
I leer). 


Provence  (lig.  1436);  Oligocene  fresh-water  strata  of  Florissant,  Colorado;  and  the 
Miocene  of  Oeiiingen,  Baden  (Fig.  1437). 
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TABLE  SHOWING  THE  VERTICAL  RANGE  OE  THE  ARACHNID  AT 


Orders. 

Silurian. 

Devonian. 

Carboniferous. 

Permian. 

Trias. 

Jura. 

Cretaceous. 

Eocene. 

Oligocene.  I 

Neocene. 

Recent. 

Acaei  

Chelonethi 
Axtheacomaeti  . 

Pedipalpi  .... 
Scoepiones  .... 
Opiliones  .... 
Aeaneae  .... 

34 

9 

2 

it 

* 

■X" 

* 

* 

16 

2 

8 

2 

3 

1 

13 

211 

15 

Sub-Phylum  B.  Myriopoda. 

Tracheate  Arthropods  ivitli  distinctly  separated  head,  and  numerous  fairly  similar 
segments,  each  of  ichich  hears  one  or  two  pairs  of  legs.  Body  vermicular,  apterous. 
Head  with  one  pair  of  antennae  and  three  pairs  of  jaios. 

The  head  in  Myriopods  is  formed  by  a single  division,  which  only  in  exceptional 
cases  is  supplemented  by  parts  of  the  following  body  segments.  The  two  most 
important  orders  are  Ghilopoda  and  Diplopoda.  In  the  former,  which  approaches  very 
closely  to  Insects,  every  body  segment  possesses  a single  dorsal  and  a ventral  plate,  to 
which  a pair  of  legs  is  attached.  The 
Diplopods,  on  the  other  hand,  show  on  every 
segment  except  the  first  a dorsal  plate  and 
two  ventral  plates,  with  two  pairs  of  legs. 

A precursor  of  the  Chilopods  is  found 
in  the  genus  Palaeocampa,  1\1.  and  W.,  from 
the  Carboniferous,  -whose  body  is  composed  , . , 'T'  ' 

^ „ nil  1 • Archi.desmus  Macmcoliy  Peach.  Devonian  ; lor- 

Ot  but  a tew  segments.  bcudder  places  it  farshire,  Scotland,  l/j  (after  Peach). 

in  a distinct  order,  Protosyngnatha.  True 

Scolopendra,  Linn.  ; Lithohius,  Geophilus,  Leach) 

occur  in  amber  and  the  fresh-water  gypsum  of 

Aix,  Pro-s^ence. 

Most  Palaeozoic  Myriopods  are  of  large  size 
and  belong  to  the  order  Archipolypoda,  in  which 
all  body  segments  possess  two  dorsal  and  two 
ventral  plates,  with  two  pairs  of  legs.  Two 
genera  are  found  in  the  Old  Red  Sandstone  of 
Scotland,  Archidesmus,  Peach  (Fig.  1438) ; and 
Kampecaris,  Page.  Numerous  others  occur  in 
the  Carboniferous  and  Trias  of  both  continents, 
and  some  have  been  recognised  by  Matthew  in 
the  Devonian  of  New  Brunswick.  Examples: 
Euphoheria,  M.  and  W.  (Fig.  1439);  Amynilispes,  Scudder  ; Xylobius,  Dawson; 
Acantherpestes,  M.  and  W.,  a genus  regarded  by  Scudder  as  probably  amphibious. 

From  Mesozoic  rocks  but  a single  species  is  known  {Jidopsis  cretacea,  Heer). 

^ The  figures  indicate  the  number  of  species,  as  estimated  in  1885. 


Chilopod  genera  (Cermatia,  Rossi  ; 


Fig.  1439. 

Buphoberia  armigera.  Meek  and  W.  Coal 
Measures  ; Mazon  Creek,  Illinois,  i/^. 
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Several  Diplopods  are  found  in  the  Tertiary,  esj)ecially  in  amber.  Examples:  Juliis, 

Linn.  fFig.  1440j;  Crmpedosoma,  Leach;  Eu'^onus,  Menge  ; 
Polijxenus,  Latr.  ; PImjgsonotus,  Scudder  {Luphonotus, 
Menge). 


Sub-Phylum  C.  Inskcta  {Uexapoda).  Insects.^ 

Trucheate  Arthropods  icith  body  at  maturity  consistiny 
of  three  divisions — head,  thorax,  and  abdomen;  suptplied 
with  a pair  of  antennae  on  the  head,  three  pairs  of  leys,  and 
usually  two  pairs  of  winys  on  the  thorax.  The  latter  is 
compiosed  of  three,  and  the  abdomen  of  nine  or  ten  seyments. 
] tevelopment  usually  throuyh  metamorphic  staye-'t. 


Julus  anliquus,  Heyiipii.  Plio- 
cene ; Rott,  near  Bonn,  Germany. 
Copy,  Vi- 


Fossil  Insects  can  he  referred,  usually  without  difficulty,  to  the  existing  orders  of 
Aptera,  Orthoptera,  Xeuropte.ra,  Hcmiptera,  Colcoptera,  Ihptera,  Lepidoptera,  and 
Hymenoptera.  Tlie  Palaeozoic  forms,  however,  show  a less  marked  differentiation  in 
the  structure  of  their  wings  and  are  more  closely  related  to  each  other  than  their 
successors  of  the  corre.sjionding  ordens.  Scudder,  on  this  account,  tinites  these  ]>rimitive 
precursors  by  placing  them  in  a special  groiqi  (Palaeodictyoptera),  and  comjuires  its 
representatives,  under  the  names  of  Orthopteroidea,  Neuropiteroidea,  llemipteroidea,  and 
Goleopteroidea,  with  the  typical  Orthoptera,  Xeuroptera,  etc.,  of  later  date. 

The  researches  of  C.  Brongniart-  regarding  the  rich  Palaeozoic  fauna  of  Comnientry, 
although  they  lead  to  the  conclusion  that  strangely  differentiated  forms  occurred  in 
the  different  groups  even  in  the  Carhoniferous,  show  even  more  conclusively  than 
before  that  this  differentiation  had  little  depth,  and  that  it  is  only  through  their 
Iiresumable  descendants  that  we  have  any  claim  to  a wide  seiiarafiou  of  the  original 
Palaeozoic  forms.  The  neuration  of  the  wings,  though  diversified,  had  yet  a far 
greater  homogeneity  than  is  found  now,  or  than  existed  during  Mesozoic  time.  The 
fore  wings  of  whatever  type  were  as  diaphanous  as  the  hind,  and  could  never  (as  in  most 
of  their  descendants)  properly  be  called  tcymina.  The  wings  of  the  Protodonata  (Fig. 
12G0j  of  Brongniart  had  indeed  a superficial  resemblance  to  living  Odonata  in  shape, 
reticulation,  and  sweep  of  the  veins  ; but  in  fundamental  nenration  they  were  altogether 
different,  and  they  wholly  lacked  any  sign  of  tho.se  characteristic  features  of  the 
Odonata,  termed  the  nodus,  trianyle,  and  piterostiyma,  which  appear  fully  developed  in 
the  l\Iesozoic  s]>ecies.  Noi'  should  it  be  forgotten  how  highly  jirobable  it  is  that  the 
Lepidopteran,  l)i])teran,  and  llymenopteran  phyla  had  their  origin  in  types  already 
recognised  in  the  Palaeozoic.  In  a text-book,  however,  and  perhaps  in  any  general 
treatise,  it  may  be  best  to  bring  the  Orthopteroidea,  Xeuropteroidea,  etc.,  in  direct 
connection  with  the  Orthoptera,  Xeuroptera,  etc.,  as  indicative  of  the  precise  jihylogeny 
of  the  latter  groujis. 


Order  1.  APTERA. 


IVinyless  insects  with  hairy  or  scaly  body  coveriny ; w'ith  rudimentary  masticating 
mouth  parts  and  sctiform  anal  filaments,  which  may  .serve  as  a sptrinyiny  apparatus,  at 
the  end  of  the  ten-seymented  abdomen.  Development  without  metamorphosis. 

^ [Tlie  nio.st  complete  guides  to  tlie  literature  of  fo.ssil  Aracliniils,  MyriopoJs,  and  In.sects  are  to 
be  found  in  the  writings  of  I’rofe.ssor  Samuel  H.  Scudder,  of  Candiridge,  Mass.,  who  has  revised  the 
translation  of  these  chapters  for  the  pre.sent  work — without,  however,  having  altered  their  .system- 
atic arrangement.  One  .should  consult  especially  his  collection  of  pa))ers  in  two  volumes,  entitled 
Fossil  Insects  of  Xorth  Amerim  (New  York,  1890)  ; Bulletin  of  the  United  States  Geological  Survey, 
Nos.  .31,  69,  71,  93,  101,  124  ; Vol.  XIII.  of  the  Annual  P^eports ; and  XXI.  of  the  Survey  Mono- 
graphs (Washington,  1886-9.5)  ; also  his  di.scussion  of  the  above-named  groups  in  ZitteVs  Ilandhueh 
der  Palaenntologie,  Vol.  II.  (Munich  and  Leipsic,  1885). — Trans.] 

^ See  his  important  work:  Rerherches  pour  servir  a I’histoire  des  insecies  fossiles  des  temps 
primaircs,  2 vols.,  St.  Etienne,  1893. 
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To  this  lowly  organised  class  of  insects  belong  the  Thysanura  and  Oollemhola 
(Spring-tails).  Brongniart  describes  a species  of  the  first  group  from  the  Carbon- 
iferous of  Conimentry  {Dasypeltus  Lucasi),  which 
resembles  the  living  Lepisma^  but  has  only  a single 
terminal  filament.  In  amber  and  the  Oligocene  of 
Florissant  a numlier  of  species  are  found,  some  of 
which  belong  to  still  living,  and  others  to  extinct  PetroMus  seticornis, 
genera.  Examples:  Petrohius  (Fig.  1441),  Lepidion,  Oligocene;  Baltic  amber. 

Forhicina,  Alachilis,  etc.  Planocephalus,  a headless 

form  from  tlie  Oligocene  of  Colorado,  is  regarded  by  Scudder  as  the  type  of  a distinct 
sub-order. 

Order  2.  ORTHOPTERA. 


Fig.  1441. 


Fore  wings  coriaceous,  hind  wings  thinner,  delicately  veined,  plicated.  The  five 
principal  veins  of  the  wings,  ivith  cell  their  branches,  extend  to  the  outer  margin  of  the 
wing.  Jatvs  adapted  for  biting.  Aletamorphosis  incomplete. 

Palaeozoic  representatives  of  this  order  frecpiently  combine  characters  which  are  at 
present  distributed  among  different  families.  The  neuration  of  their  wings  also  shows 


Palaeohlattina  Douvillei, 
Brongt.  Silurian  ; Jurques, 
Calvados.  2/g  (after  Brongniart). 


Aedocophasma  Anglica,  SendiXev.  Coal  Measures  ; England.  Vi* 


a less  marked  differentiation  than  is  the  case  in  more  recent  Orthoptera ; moreover, 
the  fore  and  hind  wings  differ  less  decidedly  from  each  other  than  in  the  later  forms. 

An  isolated  wing  from  the  Middle  Silurian  of  Jurej^ues,  Calva^los  {Palaeoblattina 
Douvillei,  Brngt.,  Fig.  1442),  is  one  of  the  oldest  of  fossil  insect  remains,  but  does  not 
admit  of  closer  determination ; Brongniart  no  longer  regards  it  as  a cockroach.  The 
Carboniferous  of  North  America  and  Europe  yields  numerous  genera  and  species, 

which  are  more  or  less  closely  related  to  typical 
Orthoptera.  Some  of  these  are  of  gigantic  propor- 
tions. The  richest  localities  for  remains  of  this 
order  are  Commentry,  France ; Saarbriicken  and 
Halle,  Germany  ; Illinois;  Ohio;  and  West  Virginia. 
Many  genera  are  known  only  by  detached  wings. 
Among  the  largest  and  best  jireserved  forms  are 
Protophasma,  Stenoneura,  Aedoeojphasma  (Fig.  1443), 
and  Paolia.  Smaller  forms  include  Polioptenus 
(Fig.  1444);  Oedischia  with  saltatorial  hind  legs;  Stethaneura,  Caloneura,  and 
Ischnoneura.  Cockroaches,  however,  were  the  prevailing  type  during  the  Palaeozoic, 
fully  200  species  being  known,  belonging  to  the  genera  Etoblattina,  Gerablattina, 
Anthracoblattina,  Progonoblattina  (Fig.  1445),  Mylacris,  etc.  Spiloblattina  from  the 
Trias  is  placed  in  the  same  group  as  the  Palaeozoic  forms,  under  the  name  of  Palaeo- 


Fig.  1444. 

Polioptenus  elegans,  Goldenbg.  sp.  Coal 
Measures  ; Saarbriicken,  Germany,  i/i. 
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hlattanae,  Scudcler.  According  to  Brongniart,  tlie  female  was,  in  some  cases  at  least, 
provided  with  a long  ovijiositor. 

T.  he  FoTjic'ulidciB  (Earwigs)  are  found  in  the  Lias  of  Aargaii,  in 
amber,  and  in  the  Tertiary  of  Aix,  Oeningen,  Monte  Bolca,  and 
Florissant. 

True  Blattariae  (Cockroaches  ])ropei7  begin  in  the  Trias  of 
Colorado  and  Euroiie,  and  occur  (piite  abundantly  in  the  Lias  of 
Schambelen,  Aargau,  and  in  the  Up])er  Jura  of  England  and 
Bavaria.  Tliey  have  also  been  shown  to  exist  in  amber  and  in 
diflerent  lertiary  localities.  Examjdes : Scutinohlattina,  Keor- 
fhroblatthm,  Lerjnophnra,  Trias.  IJhttidium,  llithma,  Mesoblaitina, 
Blahera,  Jura. 


Fig.  1445. 

l^rngonohlnttlno  Col- 
'll m h i an  <1,  Sc  u rl  rl  e r. 
Coal  Measure.s  ; Mazoii 
Creek,  Illinois,  -/j. 


Fk;.  1410. 

iJrifmaihisit  spccinsa,  Heer  sp.  Miocene;  Oeningen,  Haden. 


14-1 


Fo.ssil  remains  of  Mantidae  and  Phnsrnidue  (Walking  Slicks)  occur  rarely  in  the 
Feitiarv.  llie  Acridivlae  (rfrasslio])per.s) ; Locustidae  (Locusts,  Fig. 

1446'j  , and  Oryllidne  (Crickct.s,  Fig.  1447)  are  known  from  Ihe  Ijias 
onward,  and  are  not  uncommon  in  the  Tertiary.  A large  grass- 
liopper,  Locnsta  qjcciom.,  Mlinst.,  is  found  in' tlie  Lithographic 
Slates  of  Bavaria.  PyyoUimins  (jviantea  (Chresmoda  obumruj  is 
considered  liy  Haase  as  aLso  a ])recursor  of  Mantidae  and  Phaxmidae. 

Order  3.  NEUROPTERA. 

Loth  of  VAtujs  large,,  of  ncarhj  equal  size,  membranous^,  and 

traversed  by  numerous  delicate 
reticulated  nervares.  Antennae 
simjde.  Metamorphosis  complete 
or  incomplete. 

Like  the  Orthoqifera,  Palaeo- 
zoic forms  of  tliis  onler  are  characterised  by  their 
meagre  differentiation,  and  are  called  by  Scudder 
A euroqiteruidca.  Unless  Palaeoblattina  (see  above) 
belongs  here,  the  oldest  fossil  remains  are  found 
in  the  Devonian  of  Xew  Brunswick  (Lithentomum, 
Xenoneura,  Homothetus).  A very  considerable 
number  of  genera,  in  part  well  jireserved,  are 
known  from  tlie  Carboniferous  of  Commentry, 
Saarhriicken,  Boliemia,  Saxony,  Great  Britain, 
and  Illinoi.s.  Examjiles : Acridites,  Palingenia, 
Genentornurn,  Propteticus  (Fig.  1448),  Strephocladus, 
Lithornantis  (Fig.  1449),  Lithosialis,  Brodia,  Chres- 
totes,  Herneristia,  Megathentornurn,  Mischoptera, 
Psilothorax,  Sphecoqitera,  Corydaloides,  Homalo- 
neura,  Blanchardia,  Comjisoneura,  Meganeura  (Fig.  1260,  p.  604),  etc. 


(iriiUus  macToecrcus, 
Ocrniiir.  Oligocene ; 
Baltic  amber,  s/j 
(after  Germar). 


Kio.  144S. 

Propteticus  infernus,  Scudder.  Coal  .Mea- 
sures : Illinois,  'i/n  (after  Scudder). 
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The  family  Termitidae  (White  Ants)  begins  in  the  Lias,  and  is  ivell  represented  in 
the^.  Tertiary,  especially  in  amber,  the  Oligocene  of  Florissant,  and  Miocene  of  Rott, 


Lithommitis  carbonaria,  Woodward.  Coal  Measures  ; Scot- 
land. (after  Woodward). 


Fig.  145U. 

Cronicus  cmomulus,  Pictet 
sp.  Oligocene  ; Baltic  amber. 
3/o  (after  Pictet). 


Oeningen,  and  Rodoboj.  One  unusually  large  species,  Gigantotermes  {Apoclirysa)  excelsa, 
Haase,  appears  as  early  as  the  Lithographic  Slates  of  Bavaria. 

Psocidae  (Book  - lice),  Embidae,  and  Pcrlidae  sometimes  occur  in  amber. 
Ephemeridae  (May  Flies),  vdiose  precursors  are  found  in  Palaeozoic  rocks,  are. 


preserved  in  the  Lithographic  Slates,  in  amber  (Fig.  1450),  and  in  certain  Tertiary 
deposits. 

Especial  interest  centres  in  the  numerous  and  excellently  preserved  remains  of 
Odonata  (Dragon  Flies)  from  the  Lithographic  Slates  of  Bavaria,  such  as  Petalia 
(Fig.  1451),  Stenophlebia,  Isoplilebia,  Aeschna,  Anao:,  Heteropldebia,  etc.  The  group 
begins  in  the  Lias,  but  is  hardly  so  tvell  represented  in  the  Tertiary  as  tvould  be 
expected.  Trichocneviis  (Fig.  1452).  Oligocene. 
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Fo,-^il  remains  of  Sialidae,  Hemcrohidae  (Lace-wingc-d  Flies),  Panorpidae,  and 
Phrycjamdae  (Caddis  Flies)  are  first  met  with  in  tlie  Trias  and  Jura,  and  incfease 
considerably  in  luiiiibers  during  the  Tertiary.  Ootheca  of  gigantic  Sialidae 

(Corydahtes)  are  known  from  the  Laramie  Beds  of  Colorado, 
and  from  the  Garumnieii  (Upiiermost  Cretaceous)  of  Provence! 
The  tubular  larval  cases  of  Phryyanidae  from  the  Tertiary 
are  sometimes  2-3  m.  thick  (Indusienkalk,  calcaire 
a induses,  of  Auvergne). 

Order  4.  HEMIPTERA.  (Rhynchota.) 

Fore  'icings  coriaceous  or  'membranous,  larger 
and  more  coarsely  veined  than  the  hind  wings,  which 
are  never  folded.  Month  with  jointed,  beak-like, 

suctorial  rostrum.  Metamor- 
phosis incomjilete. 

The  oldest  known  fossil 
in.sect  is  a somewhat  obscure 
■"iiig,  plainly  Hemipterous 
(Protocimex  silurica,  iloberg), 
from  the  Grajitolite  Slates  of 
the  Swedish  Upper  Oido- 
vician.  Carboniferous  genera 
are  Fulgorina,  Pictyocicada, 
Mecynostoma,  and  Phthano- 
coris.  The  first-named  is  also 
found  in  the  Permian,  together 
with  the  remarkable  genus 
Eager  eon  (Fig.  14. '5  3),  which 
has  large,  membranous, 
wings,  i)rolonged  lancet -like  mouth  part.s,  and  filiform 


Enncrenn  Eocckinfji^ 
(after  Dulmi). 


Fig.  1453. 
Duhni.  Penniaii 


Birkcnfeld,  Oldenburj'. 


reticulated  fore  and  hind 


antennae. 


The  oldest  remains  of  Aphidae  fPlant-lice)  are  found  in  the  'Wealden,  and 


Fig.  1454. 

Si'nrahaeidcs  ficprrditu^,  Gonr.ar. 

Slates  ; Eiclistadt, 

Bavaria,  -/a* 


numerous  sj)ecies  occur  in  the  Tertiary.  Coccidae 
(Scale  Insects),  Fulgoridae,  Membracidae,  Cicadellidae, 
.and  Cicadidae  (Harvest  Flies)  are  tolerably  abundant  in 
the  Tertiary,  e.S2)ecially  in  amber.  Most  of  the  families 


Fig.  U'i5. 

Nmicoris  ililntalus,  Ileer. 
Jliocene ; Oeningen,  Laden, 
(after  Heer). 


Fio.  145G. 

Harpador  maeuXipcs, 
Heer.  .Miocene ; Oenin- 
gen,  Baden.  Vi  (after 
Heer). 


are  represented  as  early  as  the  Lias,  or  even  by  scanty  remains  in  the  Trias  {Cercopyllis, 
from  Colorado).  Cercopidium  occurs  in  the  Lias  of  Dobbertin.  Eocicada  and  Prolystra 
in  the  LithograiJiic  Slates  of  Bavaria. 
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Of  the  aquatic  hugs,  a number  of  families  are  met  u'itli  in  the  Jura,  such  as  the 
Nepidae,  Hydrometridae,  Reduviidae,  Lygaeidae,  Goreidae, 

Thripsidae,  and  Gimicidae.  Scarabaeides  (Fig.  1454)  occurs 
ill  the  Bavarian  Lithographic  Slates.  Examples  of  Tertiary 
genera  are:  Naucoris  (Fig.  1455),  Harpactor  (Fig.  1456), 

Gephalocoris  (Fig.  1457),  Berytopsis,  Acantliosovia,  and  Eothes. 

Order  5.  COLEOPTERA.  Beetles. 

Fore  wings  (elytra)  chitinous,  thich,  with  obsolete  nervures ; 
hind  wings  membranous,  folded.,  with  nervures  connected  only  at 
wide  intervals.  Prothorax  freely  movable.  Mouth  pccrts  mastica- 
tory. Metamorphosis  complete. 

Coleopterous  remains  have  not  been  recognised  with 
certainty  in  the  Palaeozoic.  Dipeltis  is  of  doubtful  position, 
but  bears  a certain  resemblance  to  the  larvae  of  beetles.  During  the  ilesozoic  and 
Tertiary,  however,  this  group  occupies  a prominent  ^ ^ 

position  among  insects. 

Remains  of  Gurculionidae,  Ghrysomelidae, 


Cephcdocoris  pilosus,  Ileer. 
Miocene;  Oeningen,  Baden, 
(restored  after  Heer). 


Buprestidae  are  Ibund  in  the 
Rutihard,  near  Basle  ; and 
the  same  families  occur  niore 


Trias  of  Vaduz 


Fig.  145S. 

Cypho)i  vetustus,  Giebel. 
Purbeck ; Vale  of  Wardour, 
England.  ^/i  (after 
Brociie). 


Fig.  1459. 

Cerylon  striatum,  Brodie. 
Purbeck  ; Vale  of  Wardour, 
England. 

Brodie). 


Fossil  Beetles  from  the  Oligocene 
marlsof  Aix,  Provence.  A,  Hipporhinus 
Heeri,  C)ustalet.  -/j.  B,  Triphylhts 
Heeri,  Oustalet.  ^/i.  C,  Hylesinus 

fadlis,  Heer.  •*/!. 


abundantly  in  the  Rhaetic  and  chief  divisions  of  the  Jura  in  Europe.  Among  the 
richest  Mesozoic  localities  may  be  mentioned  : Schambelen  in  Aargau  (Lias) ; Dob- 
bertin,  Mecklenburg  (Lias) ; Stonesfield  Slate  and  Purbeck  of  England  (Figs.  1458, 


Fig.  1461. 


Fig.  1462. 


Paltorhynclius  rectirostris,  A}:)ion  rpfremitinn,  Scudder. 

Scudder.  Oligocene;  Flo-  Oligocene ; Floris.sant,  Colorado. 

I'issant,  Colorado.  5/j.  ic/,. 


ABC 


Beetles  from  Oligocene  amber  of  East 
Prussia.  A,  Dorcasoides  hilobus,  Motscli. 
s/i.  B,  Btilodactijloides  dipulicornis, 
Jlotscli.  c,  Faussoides  ilengei, 

Motscli. 


1459).  The  Bavarian  Lithographic  Slates  yield  comparatively  few,  and  for  the  most 
part  poorly  preserved  remains  of  beetles  (Pseudohydrophilus,  Ghrysobothris). 

A marked  increase  took  place  during  the  Tertiary,  and  by  far  the  greater 
number  of  species  are  referred  to  still  living  genera.  The  Oligocene  fresh -water 
deposits  of  Aix  in  Provence  (Fig.  1460),  and  of  Florissant,  Colorado  (Figs.  1461,  1462), 
are  especially  rich  in  species;  also  the  amber  of  East  Prussia  (Fig.  1463),  Miocene 
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lignites  of  Rott,  Sieblos,  Westerwald,  Kutsclilin  in  Baheniia,  the  fresh-water  marls  of 
Oeningen,  Baden  (Fig.  1464),  and  certain  localities  in  Croatia,  Italy,  Utah,  and 


[Fig.  1404. 

Beetles  from  the  Miocene  fresh-water  marls  of  Oeningen,  Ihulen.  -1,  Lytta  Aescula}ni^  Ileer.  Vi-  Clerus 
Adonis,  lleoT.  Vi-  C,  JSaine  restored.  J),  Jlistcr  marmoratiu<,  liGev.  Vi-  E,  y^itidula  maculigcra,  Ileer,  -/i* 


Wyoming.  Of  the  rhynchophoroiis  families  alone  about  350  Tertiary  species  have 
been  described,  most  of  which  are  excellently  ineserved.  Perhaps  the  most  curious 
form  is  Triacna,  a parasitic  Stylopid  from  amber. 


Order  6.  DIPTERA.  Flies. 


Fore  vnngs  memhrano ns,  narrow,  veined.  Hind  wings  reduced  to  clubbed  filaments 
(haltcres).  Mouth  j>arts  adapted  for  inercing  and  sucking.  Metamorphosis  compilete. 


Fossil  Hies  are  first  encountered  in  tlie  Lias  (Macropem),  but  most  of  the  Jura.ssic 


forms  are  too  poorly  preserved  for  accurate 


FUJ.  l-h).';. 

J'silites  heUa,  Heer. 
Miocene : Kadoboj,  Croatia. 
l/l  (after  ileer). 


identification.  Musca,  Chcilosia,  and 
Enipidia  are  known  from  tlie  Litlio- 
graphic  Slates ; Corethrium,  Gecido- 
mium,  and  lthgp)hus  from  tlie  English 
Puibeck. 

Tlie  Tertiary,  esjiecially  Oligoceiie 
and  i\Iiocene,  yields  large  numbers  of 
Hies,  TipuUdae  (Crane  Flies)  and 
Jiibionidac  being  the  most  abundant. 
Other  families  represented  are  : 
Hgrphidae,  Muscidae,  Oestridae  (Bot 
Flies),  Agrornijzidac,  Platgpezidae, 


Fig.  )4i;i). 

Empis  Mi.liii,  Heyden. 
Miocene  : Hoot,  near  Bonn, 
(iermaiiy.  -/j  (after 
Heyden). 


Fio.  14d7. 

J'a  I cm  hoi  us  Jlori  gcru  s, 
Scmlder.  Oligocene;  Floris- 
sant. Colorado.  Vi  (after 
Scudder). 


Fig.  1468. 

('hlronomus Mtn/eri,  Heer.  .Miocene;  Oeningen, 
Baden.  ♦5/i  (after  Ileer). 


Psilidae  (Fig.  14G5),  Empidae  (Fig.  14G6),  Bomhylidaej  Neraestrinidae  (Fig.  1467), 
Asilidae  (Robber  Flies),  Stratiomyidae,  Ghironomiduc  (Fig.  1468),  Gulicidae  (Gnats) 
Mycetophilidae  (Fig.  1476),  Gecidomyidae,  etc. 
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Order  7.  LEPIDOPTERA.  Butterflies  and  Moths. 


Fore  and  hind  wings  similar,  scaled,  usually  brilliantly  coloured.  Mouth  parts 
suctorial,  forming  a spiral  proboscis.  Metamorphosis  complete. 

Lepidoptera  are  very  rare  in  the  fossil  state,  and  known  as  yet  only  from  the 
Tertiary.  Pseu.dosirex  (Sphinx)  Schroeteri,  from  the  Lithographic  Slates  of  Bavaria,  was 
considered  a Lepidojiteron  by  Oppenheim,  but  by  Deichmiiller  as  a wood-wasj) 
(Uroceridae). 

Most  of  the  larger  groups  have  isolated  representatives  in  the  Tertiary.  Tlie 
smaller  moths  (Microlepidoptera)  occur  in  amber  in  various  stages  of  development. 
Two  species  of  Phalaenidae  are  known  from  Radoboj  ; a third  is  found  at  Aix,  and 
another  (Lithopsyche)  in  the  Isle  of  Wight.  Sjiecies  of  Noctiddae  and  several 


Fig.  1469. 


Prodryas  Persephone^  Scudder.  Oligocene ; Floris- 
sant, Colorado,  i/j. 


Fig.  1470. 

Borharofhea  Florissanti,  Scudder. 
Oligocene  ; Florissant,  Colorado,  i/i. 
(after  Scudder). 


Bomhycidae  have  been  described  from  Aix  and  from  Oeningen.  Of  the  Hawk-moths 
(Sphingidae)  Sphinx  is  found  in  amber,  and  Sesia  at  Aix.  Butterflies  are  very  rare, 
but  about  a dozen  genera  are  known  from  the  fresh -water  strata  of  Aix.  Rott, 
Radoboj,  and  Florissant.  From  the  last-named  locality  Prodryas  (Fig.  1469)  is 
exquisitely  preserved.  Two  of  the  eight  species  known  from  tliis  rich  locality 
(Prolibythea,  Barbaro- 
thea.  Fig.  1470)  belong 
to  the  now  nearly  extinct 
but  widespread  group  of 
Libytheinae. 


Order  8. 

HYMENOPTERA. 


Fore  wings  larger 
than  the  hind  pair,  thin, 
membranous,  with  few 
and  separated  nervures. 

Mouth  parts  adapted  for 
biting  and  licking.  Pro- 

thorax  fused.  Metamor-  Slates  ; Bichstadt,  Bavaria. 
phosis  complete. 


%■ 


JJocus (f(,/essws,  Scudder.  Oligocene;  Floris- 
,sant,  Colorado.  -Vi. 


The  oldest  Hiymenoptera  occur  in  the  Lias  of  Schambelen  in  Aargau,  and  belong 
to  the  ants.  Apiaria,  Belostomum  (Fig.  1471),  and  Pseudosirex  have  been  described 
from  the  Lithographic  Slates ; Formicium  and  Myrmicium  from  the  Purbeck.  All 
other  remains  are  of  Tertiary  age,  and  belong  to  the  Tenthredinidae  (Fig.  1472), 
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ARTHKOPODA 


SUB-KINGDOM  VII 


Uroceridae  CWoocl  Wasjjs),  Cynipidae  (Gall  Flies),  Ichneimonidae  (Fig.  1473), 
Braconidae,  Clinjsididae  (Gold  '\Va.‘;p.s),  Vespidae  (Wasp.s),  Apidae  (Bee.-;,  Fig.  1474), 
Formicidae  (Ant.s,  Fig.  1475, i,  etc.  They  are  most  almiidaiit  in  amljer,  and  in  the 


Fio.  1475. 


Ichncurnonites  heUus,  Ileer.  Mio- 
cene ; Oeningen,  Baden.  (after 
Ileer). 


Xylocopu  senilis,  Ileer.  Mio- 
cene; Oeiiingen,  Baden.  ViC^^ter 
Ileer). 


Prionomynncj:  lonoiceps, 
Mayr.  ofigocene;  Baltic 
amber,  -/j  (after  Mayr). 


fresh-water  strata  of  Ai.x,  Oeningen,  and  esjiecially  Radohoj  and  P’lorissant.  A species 
of  Myrmar,  one  of  the  minutest  insects  known,  lielonging  to  the  jiarasitic  Prortro- 
trupidae,  has  been  found  in  Baltic  amber. 


Range  and  Distribution  of  the  Insecta. 

According  to  Scudder,  about  2600  fossil  insects  had  been  descrilied  uj)  to  1885, 
of  which  155  were  Palaeozoic  species,  475  Mesozoic,  and  1972  Tertiary.  Since  then 
these  tigures  have  been  considerably  increased  by  discoveries  at  Commentry,  P'lorissant, 
in  amlier  and  elsewhere. 

The  oldest  fossil  insect  is  rrotocimex  from  the  Swedish  Ordovician.  Following 
this  are  Palaeohlattina  from  the  Middle  Silurian  of  Calvados,  France,  and  several 
Devonian  forms  from  Xew  Brunswick. 

A marked  increase  in  numbers  and  varietj'  of  form  is  observed  in  the  Coal 
^Measures,  the  most  noted  localities  being  Commentry  in  Department  Allier,  and 
iMazon  Creek,  Illinois.  Other  localities  for  the  older  fossil  insects  are  Zweibriicken, 
Wettin-Lobejun  near  Halle,  ilaneliach  in  Thuringia,  the  Belgian  and  British  coal- 
fields in  Furo])e,  and  Xova  Scotia,  Pennsylvania,  Ohio,  and  Rhode  Island  in  America. 

The  Permian  (especially  the  Rothliegendes  of  IVeissig  in  Saxony,  Stockheim  in 
Bavaria,  Lebach  near  Saarbrucken,  and  Ca.ssville,  West  Viiginia)  yields  few,  but  in 
jiart  very  interesting  specie.s,  for  examj)le,  those  of  Fnycreon.  From  dilferent  localities 
of  the  Tiias,  Ileer  (le.srribes  several  OrtJinptera,  and  also  two  beetles  from  Vaduz  in 
Liechtenstein.  To  the.^e  must  be  added  about  twenty  sjiecies  recently  discovered  in 
the  South  Park  of  Colorado,  nearly  all  of  which  are  cocknjache.s.  The  Lias  of 
Schambelen  in  Aargau,  Dobbei  tin  in  iMecklenbuig,  and  Gloucestershire,  England, 
contains  a tolerably  rich  insect  fauna.  Only  a few  species  are  derived  from  the 
Stoiiestield  Slates,  but  the  Purbeck  of  Southern  England,  on  the  other  hand,  is  cpiite 
rich.  Excellently  i)ieserved  remains  are  found  in  Lithograjihic  Slates  (Ui)per  Jura) 
of  Bavaria,  esjiecially  at  Solenhofen,  Eichstatt,  and  Kelheim.  The  Cretaceous  again  is 
very  poor  in  insect  remains,  most  of  the  forms  occurring  in  Bohemia. 

Some  Eocene  species  are  known,  but  for  the  most  jiart  not  yet  fully  described, 
from  the  Isle  of  Wight  and  phos])horites  of  ()uerc,y,  P'rance.  The  01i"ocene  insect 
fauna  is  surprisingly  rich  and  varied.  By  far  the  greatest  nundjer  of  species  is 
derived  from  Baltic  amber ; other  interesting  localities  are  Aix  in  Provence, 
l'doris,sant,  and  the  White  River  region  of  Colorado.  The  Miocene  localities  of 
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Oeningen  in  Baden,  Kadoboj,  Parschlng,  Rott  on  tlie  Rhine,  etc.,  are  scarcely  less  rich 
than  the  Oligocene. 

In  the  Pleistocene,  the  interglacial  clays  of  Switzerland  and  of  Ontario,  Canada, 
the  jieats  of  Northern  France  and  England,  and  the  lignites  of  Hushach,  Bavaria, 
deserve  mention  as  localities  for  fossil  insects. 


TABLE  SHOWING  THE  VERTICAL  RANGE  OF  FOSSIL  INSECTS. 


Orders. 

Silurian. 

Devonian. 

Carboniferous. 

Permian. 

— 

Trias. 

Jura. 

Cretaceous. 

Tertiary. 

Recent. 

Aptera  ...... 

Orthoptera  ..... 

Neuropter.^  ..... 

? 

Hemiptera  ..... 

COI.EOPTERA  ..... 

Dipter.4.  ...... 

Lepidoptera  ..... 

Hymenoptera  

I 

Fig.  1476. 

Nea-omijza  pedata,  Scudder.  Miocene;  Oeningen,  Baden.  12/j  (aft,,.,- Scndder'.  Sie  under. Diptem,  p.  6S8. 
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[Names  of  genera  and  sub-genera  regarded  as  synonyms  are  printed  in  italics,  all  others  in  Eoman.] 


Abacocrinus,  144 
Ahatus,  245 
Ablacomya,  371 
Abra,  418 
Acambona,  338 
Acanthactinella,  55 
Acantherpestes,  CSl 
Acantbinites,  500 
Acaiitbooaris,  655 
Acanthoceras,  585 
Acanthocheirus,  661 
Acanthochites,  435 
Acanthocladia,  283 
Acaiithoclynienia,  548 
Acanthocrinus,  145 
Acanthocyathus,  84 
Acanthodictya,  55 
Acanthonautilus,  525 
Acanthopleiira,  436 
Acanthopleuroceras,  578 
Acanthopora,  267 
Acanthosoma,  687 
Acanthotelson,  668 
Acaiithoteuthis,  599 
Acanthothyris,  325 
Acasta,  652 
Acaste,  636 
Acavus,  495 
Acentrotremites,  196 
Acervularia,  79 
Aceste,  248 
Acestra,  55 
Achatina,  496 
Achelous,  666 
Acidaspis,  633 
Acila,  363 
Acleistoceras,  530 
Aclisina,  457 
Acmaea,  442 
Acridites,  684 
Acrioceras,  588 
Acritis,  306 
Acrocliordocrinus,  169 
Acrocidaris,  228 
Acroculia,  461 
Acrosalenia,  227 
Acrotbele,  308 
Acrotreta,  308 
Acrura,  204 
Actaeon,  484 
Actaeonella,  485 
Actaeonina,  485 
Actinacis,  95 
Actinocamax,  597 
Actinoceramus,  370 
Actinoceras,  528 
Actinoconchus,  339 
Actinocrinus,  141 
Actinodesnia,  367 
Actuiodonta,  378 
Actinometra,  175 
Actinoinya,  391 
Actinopteria,  370 


Actiiiosepia,  603 
Aciiiiostoma,  281 
Actinostreon,  373 
Actinostroma,  112 
Acus,  481 
Adacna^  413 
Adelactaeon,  485 
Adelastraea,  90 
Adelophthalmus,  676 
Adeorbis,  452 
Advanaria,  363 
Adrianites,  562 
Aeclimina,  644 
Aedoeophasma,  683 
Aeger,  661 
Aeglina,  630 
Aegoceras,  557 
Aeolopneustes,  233 
Aerope,  248 
Aescbna,  685 
Aesiocrinus,  160 
Aeteleocystites,  186 
Aetonioceras,  575 
Aetostreon,  373 
Agaricia,  91 
Agavicocriims,  143 
Agassiceras,  575 
Agassizia,  246 
Agassizocrinus,  162 
Agathelia,  84 
Agatliiceras,  562 
Agelacriiius,  187 
Acjina,  422 
Aglaspis,  672 
Agnesia,  443 
Agnostus,  624 
Agoniatites,  549 
Agraulus,  628 
Agria,  404 
Agulliasia,  329 
Aipoceras,  525 
Akera,  486 
Alaria,  470 
Aledo,  174,  260 
Alectryonia,  373 
Alexia,  493 
Alipes,  471 
Allagecrinus,  135 
Allocrinus,  148 
Allodesma,  393 
Allopagus,  392,  411 
AUoprosalocrinus,  143 
Allorisma,  388 
Allotrychia,  368 
Alocolytoceras,  572 
Alsatites,  575 
Alveolina,  26 
Alveolites,  100 
Amalia,  497 
Amaltheus,  577 
Amaura,  462 
Amauropsis,  462 
Amberleya,  449 


Ambites,  563 
Amblycoceras,  578 
Amblypneustes,  232 
Amblypygus,  239 
I Ainblysiphonella,  65 
' Ambocoelia,  336 
Ambonycbia,  368 
Ainicula,  435 
Amita,  367 
: Ammodiscus,  23 
I Amnicola,  464 
I Amnigenia,  374 
1 Araoeboceras,  5vS0 
! Aniphiastraea,  87 
Amphibola,  493 
Amphiceras,  574 
Amphiclitia,  340 
Amphiclinodonta,  340 
Amphicoelia,  368 
Amphidesma,  418 
Ampliidonta,  373 
Amphidoxa,  498 
Amphigenia,  322 
Amphion,  635 
Amphiope,  237 
Amphipeltis,  668 
Amphipora,  113 
Amphispongia,  55 
Ampbistegina,  32 
Amphistrophia,  313 
Ampbithelion,  54 
Ampbitomella,  339 
Ampboracrinus,  141 
Ainplexopora,  278 
AmiJlexus,  76 
Ampullina,  462 
Atnpyx,  625 
Ainusium,  381 
Amynilispes,  681 
Anabacia,  93 
Anabia,  338 
i Anadara,  366 
! Anadeims,  498 
Anagymnites,  557 
Anabamulina,  571 
t Anabedenstroemia,  555 
i Anahoplites,  584 
' Analcites,  560 
Analytoceras,  568 
1 Anamalina,  30 
Ananchijtes,  243 
I Anapella,  421 
! Anarcestes,  549 
Anartbropora,  288 
Anascapbites,  572 
Anasibirites,  558 
Anasirenites,  560 
Anaspides,  659 
Anastropbia,  321 
Anatibetites,  560 
Anatimya,  389 
I Anatina,  389 
I Anatinella,  420 


1 Anatomites,  554 
Ayiatropitcs,  554 
] Anax,  685 
1 Anazyga,  333 
Anchura,  470 
I Ancilla,  481 
Ancillaria,  481 
Ancistroceras,  521 
Ancistrocrania,  311 
Anculosa,  467 
j Ancyloceras,  588 
Ancylus,  494 
Ancyropyge,  633 
Androgynoceras,  578 
Angaria,  449 
' Angelinoceras,  521 
I Anisactinella,  340 
' Anisocardia,  394 
Anisoceras,  587 
Anisocrinus,  164 
Anisomyon,  492 
Anisopbyllimi,  76 
Anisotbyris,  422 
Aiiisotrypa,  277 
Anodonta,  378 
Anodontopsis,  393 
Anoloticbea,  268 
Anomactinella,  339 
Aiiomalanthus,  237 
' Anomalocaris,  641 
^ Anomaloceras,  524 
: Anonialocrinus,  152 
' Anomalocystites,  186 
■ Anomalodonta,  368 
: Anomia,  384 
Anompbalus,  451 
Anopaea,  370 
Anoplia,  316 
Anoploceras,  525 
Anoplopbora,  375 
Anoplotbeca,  338 
Anoptycbia,  456 
Anortbopygus,  239 
Anotoceras,  553 
Aiitalis,  431 
Antedon,  174 
I Antlwcrinus,  150 
^ Antbonyia,  307 
Anthracoblattina,  683 
Anthracochiton,  434 
1 Antbracomartus,  679 
Anthracomya,  374 
I Antbraconectes,  676 
Anthracoptera,  372 
Antbracosia,  374 
! Ayitinomia,  329 
I Antipleura,  362 
' Antiptycbina,  332 
AntirhynchoneUa,  321 
Anuscula,  363 
Aparehites,  644 
Apasmopbyllum,  76 
; Apbanaia,  372 
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Apheleceras,  523 
Aphetoceras,  519 
Aijhra^inites,  510 
Aphyllites,  549 
Aplysias,  4S7 
Apiocey'as,  530 
Apiocystites,  1ST 
Apleuroceras,  556 
Aploceras,  527 
Aplococeras,  550 
Aplo<lon,  373 
Aplu.struin,  480 
Apochrym,  085 
Aporrhais,  470 
Apricardia,  400 
Ajjsendesia,  204 
Apsorroceras,  5S4 
Aptychojj.sis,  658 
Aptyxiella,  407 
Aptyxis,  407 
Apus,  041 

Araclmocrinus,  150 
Arachuocystites,  184 
Araclmoides,  238 
Araeacis,  85 
Araeostermis,  003 
Arbacia,  231 
Arbuf^culiteSy  317 
Area,  300 
Arcestes,  505 
Arcliaediscus,  32 
Arcliaeocarabus,  003 
ArchneocarUy  050 
Archaeocidaris,  220 
Archaeocrinns,  145 
Archaeolepas,  050 
ArcliaRoiiiscus,  008 
Archaeoplax,  007 
Archaeoscyphia,  48 
Archaeospliaerina,  35 
Arcliaeozonites,  497 
Ardiasterias,  207 
Archi<lesmus,  081 
Arcliimedes,  282 
Architarbus,  079 
Arcieanlinin,  413 
A rcomyUy  38i> 
Arcomyopsis,  301 
Arcopagio,  417 
Arctica,  395 
Arctoceras,  55!) 
Arenicula,  250 
Arothusina,  031 
ArgnUy  057 
Argps,  032 
Argina,  3<»0 
ArgiopCy  330 
Argonauta,  003 
Argopatagiis,  248 
Aripfc:iy  575 
Arieticpras,  570 
Arioliainax,  498 
Arion,  498 
Ariopiianta,  497 
Arist(d!a,  385 
AristocystitPs,  1S2 
Aristozoe.  05ii 
Aniioceltitps,  557 
Arnioceras,  575 
Aniiotites,  558 
Arpadites,  50>0 
Arrlioges,  471 
ArtemUy  415 
Artlirocaiitba,  140 
Artliroclema,  281 
Arthrolycosa,  079 
Artliroplenra,  008 
Arthropora,  279 
Arthrostylus,  2S0 
Asaphis,  418 
Asapluis,  029 
Ascoceras,  516 
AspergiUnmy  391 
Aspidiscus,  88 
Aspidites,  550 
Aspidocaris,  058 
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Aspi'loceras,  582 
Aspidopliyllum,  78 
Aspidopora,  273 
Aspidosoma,  207 
Aspidura,  204 
Assilina,  33 
Assiminea,  404 
Astacus,  004 
Astarte,  395 
Astartella,  394 
Asteractinella,  50 
Asteroblastus,  188 
Asteroceras,  575 
Asteroda>ipUy  238 
Astlienodonta,  374 
Astlienos:oma,  220) 
Asthenotliaerus,  390 
Astieria,  583 
Astraeoinorplia,  94 
Astraeopora,  95 
Astraeospongia,  50 
Astraliiini,  448 
Astrangia,  80 
Astroeladia,  49 
Astrocoenia,  90 
Astroconia,  55 
Astrocrinus,  1!>8 
Astrolielia,  84 
Astroides,  93 
Astrox>Pcteii,  208 
Astroi>yga,  230 
Astrorhiza,  23 
Astylocrinus,  102 
Astylomanon,  50 
Astylospongia,  50 
Asymx)toceras,  525 
Ataotodea,  421 
Atactopora,  278 
Atactoporella,  272 
Ataxiocerus,  581 
Atelecrinus,  175 
Atelestocrimis,  158 
Atergatis,  000 
1 Atbleta,  480 
I Atliyris,  338 
; Atlanta,  455 
1 Atoma,  483 
Atoinodesma,  372 
, Ato])s,  027 
! Atrnctites,  595 
! At  ret  in,  325 
: Atrina,  3i»9 
i Atrypa,  334 
! Atrypina,  334 
Aturia,  522 
i Atys,  487 
I Aiicella,  372 
i Aulacoceras,  505 
I Aulacopliyluni,  70 
Aulacorhynchus,  318 
AulacostPpliaiiMs,  583 
Aulaeothyris,  332 
Aulocopiuin,  47 
Auhriotrcfn,  300 
Auloi)liylluni,  78 
Auloiiora,  101 
Aiilosteges,  317 
Auricula,  4!*3 
Aurigerus,  582 
Aurinia,  480 
Austridla,  324 
Autodetus,  403 
Avellana,  480 
Aviadn,  370 
Aviculoj)ecteii,  380 
Aviculopiima,  30!) 
A.rhira,  300 
Axinopsis,  410 
Axinu.'^y  410 
Axosmilia,  89 
Azam,  422 
Azeca,  490 

Babinka,  307 
Bactrites,  549 
Bactroijora,  281 
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Bactroi)u.s,  650 
Bactrotheca,  491 
Bactrynium,  310 
Baculina,  584 
Baculites,  571 
Badiotites,  556 
Baerocrinus,  152 
Bairdia,  040 
Bakewellia,  309 
Balanocrinus,  174 
Balanocystites,  180 
Balanopiiyllia,  93 
Balaiitium,  489 
Balamis,  051 
Balatonites,  559 
Baltoceras,  517 
Bambaganites,  501 
Barbarothea,  689 
Barbatia,  300 
Baroda,  410 
Barraiideites,  554 
Barrandella,  322 
Barrandeoceras,  519 
Barramleocrinus,  144 
I Barrettia,  400 
Barroisella,  307 
Barroisia,  05 
Barroisiceras,  588 
Bartlettia,  378 
Barycriiius,  157 
Baryphyllia,  88 
Baryx)hyllum,  74 
Barysmilia,  90 
Basterotia,  392 
Jinthmoccras,  517 
Batliybius,  IS 
Bathycyatluis,  84 
Bathyiiotus,  027 
Batilius,  448 
Batissa,  3<)7 
Batocrinus,  142 
Batostoina,  275 
Batostonieila,  277 
Battorsbyia,  70 
Bayania,  450 
Bayauotputhis,  598 
Baylea,  443 
Bayleia,  401 
Beacliia,  320 
Becksia,  01 
Beeclieria,  328 
Bda,  482 
BelemnitPlla,  597 
Bplemnitps,  590 
Bplpinnopsis,  597 
BplPiiniosis,  5!)S 
Bpleinnotputliis,  590 
Belgramlia,  484 
Belinurus,  071 
Bollardia,  40!) 
Bollerophon,  445 
Beloceras,  554 
Belojitera,  598 
Beloptorina,  598 
Bplosp])ia,  tiOl 
Belotputliis,  002 
Benpckia,  554 
Berpuicpa,  201 
Bprytf)psis,  087 
Beyricliia,  044 
Bpyrirliitps,  550 
Bdellacoma,  207 
Bicavpa,  204 
Bicrisina,  202 
Bidiastopora,  261 
Bifida,  338 
Bifrontia,  458 
Bigenerina,  28 
Billingsella,  312 
Billingsia,  300 
Billingsites,  516 
Bilobite.s,  310 
Biloculina,  20 
Binkliorstia,  065 
BiradiolitPs,  403 
; Birostrites,  405 


Bisidmonea,  262  . 

; Bittium,  409 
Bittnerula,  335 
' Blabem,  684 
Blaculla,  001 
Blanchardia,  084 
Blattidium,  084 
I Blauneria,  493 
Boletia,  233 
Bolivina,  28 
Bollia,  044 
' Bolma,  448 
' Bontaea,  390 
I BoreliSy  20 
Borsonia,  483 
Boskovicia,  463 
Bosnites,  500 
Bosquetia,  040 
Bostrichopus,  668 
Bostrychocpras,  588 
Botliriocidaris,  219 
Bothrocorbula,  422 
Butriopygus,  240 
Botryllopora,  270 
Botryocrimis,  157 
Botsfordia,  30<) 
Bouchard  ia,  333 
, Bourgptia,  45)5 
Bracliios])ongia,  55 
, Brachtreina,  458 
i BmehymernSy  32(5 
' Brarhyprion,  313 
Bracliypyge,  (579 
\ BraehythyriSy  335 
, Bracliytrenia,  45!) 

I BranchipoditPs,  (541 
Braiicoceras,  552,  590 
Brasilia,  570 
Brechitps,  301 
Breynia,  247 
Brilonella,  443 
Brissomorjtha,  247 
Brissopatagus,  247 
; Brissopsis,  247 
I Brissus,  247 
f Brocehia,  400 
! Brodia,  (584 
' Brodieia,  57(5 
Broeckia,  3(52 
I Bronteus,  032 
; Bryograptus,  114 
[ BryopOy  391 
Bucania,  445 
Buccinopsis,  470 
Burcinulus,  484 
Buccinuin,  475 
Bucliicpras,  590 
Bucliiola,  3(52 
Buchites,  500 
BuddhaitPs,  557 
Bulimina,  28 
Buliminus,  49(5 
Bulimulus,  495 
Bulla,  487 
Biillneay  4S7 
Bullina,  485 
Buttimlla,  487 
Bullinula,  485 
Bumlenhachia,  203 
Bunodella,  (573 
Bunodps,  (572 
Burin,  600 
Bursacrimis,  100 
Busbia,  390 
Buslda,  204 
Buskoj>ora,  270 
Bufiycon,  477 
Bylgia,  601 
Byssocardiuin,  413 
Byssomya,  422 
Byssonychia,  3(58 
Byssopteria,  308 
Bythinella,  404 
Bythinia,  404 
Bythocypris,  046 
Bythopora,  277 


INDEX 


69 


Bythotrypa,  20S 

Caberea,  284 
Cacahocrinus,  148 
Cactocrinus,  141 
Cadoceras,  580 
Cadoraella,  313 
Cadoinia,  3C3 
Cadomites,  580 
Cadonioceras,  569 
Cadulus,  432 
Caecella,  421 
Caeciliaiiella,  496 
Caecum,  466 
Cainocrinus,  173 
Calamocrinus,  169 
Calamopliyllia,  87 
Cnlamopom,  99 
Calapoecia.,  99 
Calappa,  666 
Calcar,  448 
Calcarina,  31 
Calceocrinus,  154 
Calceola,  SO 
Callianassa,  664 
Callicrinus,  149 
Calliderma,  208 
Calliostoma,  451 
Callistochiton,  435 
Callistoplax,  435 
Callizoe,  656 
Callocardia,  414 
Callocliiton,  435 
Callocystites,  187 
Callogonia,  414 
Callograptus,  114 
Callonema,  458 
Callopegma,  48 
Calloporna,  448 
Callopora,  275 
Callotrypa,  277 
Caloceras,  575 
Caloneura,  683 
Calostylis,  92 
Calpiocrinus,  164 
Calveria,  226 
Calycoceras,  589 
Calymmene,  634 
Calymne,  244 
Calyptogeiia,  399 
Calyptograptus,  114 
Calyptraea,  461 
Camarella,  321 
Camarium,  341 
Camarocrinus,  183 
Camaropliorella,  323 
Camarophoria,  322 
Camarospira,  341 
Camartoecliia,  324 
Cameroceras,  514 
Camerospongia,  61 
Camerotheca^  491 
Camerothyris,  332 
Camitia,  451 
Campeloma,  463 
Carapophyllum,  77 
Camptonectes,  381 
Campylocephalus,  674 
Campyloceras,  527 
Canalipora,  263 
Canavarites,  577 
Cancellaria,  481 
Cancer,  666 
Cancrinus,  663 
Cantantostoma,  444 
Cantliaridus,  451 
Cantharus,  475 
Capellinia,  322 
Caprina,  401 
Caprinella,  403 
Caprinula,  403 
Caprotina,  403 
Capulus,  460 
Caratomus,  239 
Carbonarca,  365 
Carbonicola,  374 


I Carcinocarcinus,  666 
Carcinosoma,  676 
Cardiaster,  244 
! Cardilia,  421 
' Cardinia,  375 
I Cardinocrania,  311 
! Cardiocaris,  658 
Cardioceras,  580 
Cardiola,  362 
Cardiolites,  655 
Cardiomorplia,  362 
1 Cardioniya,  392 
I Cardita,  398 
] Carditamera.  399 
Carditella,  399 
Cardium,  412 
Carinaria,  455 
Ccvrinopora,  281 
Cariiites,  557 
Carolia,  384 
Carpenteria,  31,  374 
Carpocrinus^  143 
Carpomanoii,  50 
Carpospongia,  50 
Carterella,  52 
Carterina,  113 
Carychium,  493 
Caryocaris,  655 
Caryocriiius,  185 
Caryocystites,  184 
Caryomanon,  50 
Caryophyllia,  84 
Caryospongia,  50 
Casearia,  59 
Cassiaiiella,  37l 
Gassidaria,  474 
Cassidula,  493 
Cassidulina,  29 
Cassidulus,  240 
Cassiope,  465 
Cassis,  474 
Castocriiius,  154 
Catazyga,  333 
Cafenipora,  102 
Catillocrinns,  153 
Catillus,  370 
Catopygus,  240 
Catosira,  457 
Catulloceras,  576 
Caunopora,  113 
C'area,  263 
Cavolinia,  489 
Cea,  270 

Cecidomimn,  688 
Celaeno,  603 
Cellaria,  285 
Cellepora,  286,  290 
Celleporaria,  290 
Celleporella,  288 
Cellularia,  284 
' Celtites,  558 
! Cenoceras,  526 
Cenomanites,  584 
Centroceras,  525 
j Centroinaclius,  679 
! Centronella,  326 
Centrostephanus,  229 
I Ccntrotlieca,  491 
j Cephalocoris,  687 
, Cerainophylla,  268 
I Ceramopora,  267 
I Ceramoporella,  267 
I Ceratiocaris,  654 
; Ceratisolen,  419 
i Ceratites,  559 
Ceratoliclias,  632 
Ceratopsis,  644 
Ceratosipbon,  471 
Ceratostreon,  373 
Ceratotheca,  491 
Ceratotrochus,  83 
Ceratozona,  435 
Cercomya,  389 
Cercopidium,  686 
Cercopyllis,  686 
Ceriocava,  266 


I Ceriocrinus,  161 
Ceriopora,  266 
Ceritella,  469 
Ceritliidea,  470 
Cerithinella,  4C)9 
Ceritliiopsis,  469 
Ceritlniim,  469 
Cermatia,  681 
Cernina,  462 
Ceroinya,  388 
Cetocoiicha,  392 
Cetomya,  293 
Cho.ena,  423 
Chaenocaris,  657 
Cliaenomya,  362 
Cha£nopea.y  422 
Chaetetes,  102 
Chaetopleura,  435 
Cliainodictyon,  2S3 
Chalmasia,  372 
Chaina,  399 
Clmperia,  403 
Charionella,  341 
Chartronia,  577 
Charybdis,  066 
Cliasmops,  637 
CheiloceraSy  551 
Clieilosia,  688 
Cheilotoma,  444 
Cheiropteraster,  207 
Cheiriirus,  635 
Chemnitzia,  456,  457 
Chenendopora,  53 
Chaiopus,  470 
Chicoreus,  477 
Chilina,  493 
Chilocyclus,  458 
Cbilopora,  267 
Chiloporella,  268 
Cbilotrypa,  260 
Chiton,  436 
Chitonellus,  435 
Chlamydocoiicba,  411 
Clilamys,  381 
Chlorostoma,  451 
Choanoceras,  515 
Choffatia,  581 
Chonaxis,  77 
Cbonechiton,  434 
Cboneplax,  435 
Cbonetella,  317 
Chonetes,  316 
Cbonopectus,  317 
Chonophyllum,  78 
Cbonostegites,  102 
Chonostropbia,  317 
Cborixdax,  435 
Choristites,  335 
Choristoceras,  561 
Choristrodon,  417 
Cborizopora,  288 
Chresmoda,  684 
Cbrestotes,  684 
Christiania,  314 
Chrysaora,  267 
Chrysobotbris,  687 
Chrysodomus,  476 
Chrysomelon,  233 
Cbrysostoma,  452 
Clitbamalus,  652 
Cicatrea,  395 
Cidaris,  223 
Cimitaria,  388 
Cincta,  332 
, Ciniilia,  486 
' Cionella,  496 
I Circe,  416 
Circopora,  113 
; Cirrus,  450 
' Cirsotrema,  458 
' Cistella,  330 
Cladangia,  86 
Cladiscites,  566 
Cladochonus,  101 
Cladocora,  86 
CladocnnuSy  173 


Cladopora,  100 
Clanculus,  451 
Clascotbyris,  327 
Clathrodictyon,  112 
Clatbropora,  279 
Clatliurella,  483 
Clausa,  263 
Clausilia,  495 
Clausiinultelea,  271 
Clavagella,  391 
Clavatula,  482 
Clavella,  478 
Clavklausa,  263 
Clavulina,  28 
Cleidopliorus,  363 
Cleidotheca,  491 
Cleiotbyris,  334,  339 
Cleistecbinus,  248 
Cleodora,  489 
Cleonoceras,  569 
Climacainmina,  28 
' Climacograptns,  119 
Clinoceras,  530 
j Clinolobus,  562 
I Clinopistba,  361 
Clintonella,  334 
’ Clinura,  482 
I Clio,  489 
I Clionycbia,  368 
I Clisiopbyllum,  77 
I Clisocolus,  414 
Clisospira,  463 
Clitainbonitos,  320 
Clonopora,  202 
Clorinda,  322 
Clydonautilus,  521 
Clydonites,  559 
Clyinenonautilus,  521 
Clypeaster,  236 
Clypeus,  241 
Clypites,  556 
Cnemidiastrinn,  52 
Cneynidiinny  52 
Cnisma,  365 
Coccocrinus,  139 
Coccoxdiylliun,  89 
Coccoteutliis,  002 
Cochlearia,  458 
Cocbloceras,  561 
Cocblodesma,  390 
Cochlolepas,  461 
Codakia,  408 
Codaster,  197 
Codecbinus,  230 
Codiacrinus,  158 
Codiopsis,  230 
Codoceras,  532 
Codojiaster,  197 
CodoniteSy  198 
Coelastarte,  395 
Coelioci'itius,  160 
CoelocauliSy  269 
Coelocentrus,  447 
! Coeloceras,  579 
Coclodemay  268 
Coeloconus,  281 
Coelocorypba,  54 
Coelodon,  391 
Coelogasteroceras,  524 
' Coeloma,  666 
Coelomactra,  420 
I Coelonautilus,  523 
I Coelopleurus,  231 
I Coeloptycbium,  60 
i Coelosmilia,  89 
I Coelospira,  338 
Coelostylina,  456 
Coenites,  100 
; Coenocyatbus,  84 
] Coenograptus,  118 
' Coenotbyris,  333 
, Coleoloides,  490 
I Coleolus,  490 
I Collina,  579 
I Collonia,  448 
Collyrites,  242 
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Colobocentrotus,  232 
Coloceras,  523 
Colospongia,  65 
Colpocaris,  655 
Colpocercts.  514 
Columbella,  475 
Columnaria,  79 
Coluninastraea,  90 
Coluiunoi^ora,  99 
Coins,  478 
Colyinmatina,  49 
Comastcr,  175 
Coiimtida,  174 
Comat  iilina,  174 
Combophyllum,  74 
Cominella,  475 
Comoseris,  94 
Compressidens,  431 
Coinpsoneiiia,  G84 
Conactaeon,  4S5 
Conchicolites,  254 
Concbidimn,  321 
Conchocele,  410 
Conchodon,  370 
Concholepas,  478 
Confusastraeo,  90 
Coiigeria,  380 
Conocardium,  369 
Conocej'halites,  627 
Conoceras,  517 
Conoclypens,  234 
Coiiocoryphe,  027 
Conocrinus,  169 
Conodonts,  255 
Conolainpas,  242 
Conolichas,  032 
Conorbis,  483 
Conoteuthis,  599 
Conotreta,  308 
Conotuligera,  203 
Conradia,  300 
Constellaria,  276 
Conularia,  491 
Convexastraea,  90 
Cophinaceras,  522 
Coptostyllus,  407 
Coralliochaina,  403 
Corallio])haga,  395 
Coralliuin,  100 
Corbieella,  409 
Corbicula,  397 
Corbis,  400 
Corbula,  422 
Corbulamella,  422 
CorbuloDiya,  422 
Corburella,  393 
Cordylocriims,  139 
Corethriuin,  688 
Corirnya.,  390 
Cornucaprina,  401 
Cornnlites,  253 
Cormispira,  25 
Coroiiiceras,  575 
Coronula,  052 
Corydalites,  086 
Corydaloides,  084 
Corymbocrinus,  147 
Corynclla,  64 
Coscinella,  279 
Cosciniuin,  280 
Coscinopora,  58 
Coscinotrypciy  2S0 
Cosmoceras,  587 
Cosmogyria,  570 
Costidiscus,  571 
Cottaldia,  230 
Cotylederma.  171 
Cranaena,  328 
Crangopsis,  059 
Crania,  311 
Craniella,  311 
Craniops,  311 
Craniscus,  311 
Craspedites,  581 
Craspedochiton,  435 
Craspedophyllum,  77 
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■ Craspedopoma,  400 
' Craspedosoina,  682 
Craspedostoina,  449 
CrassateUa,  397 
Crassatellina,  397 
Crassatellites,  397 
' Ci’ctssina,  395 
Crassinella,  395,  397 
Craterina,  182 
Craticularia,  57 
Crenatula,  370 
Creiiella,  380 
Creniceras,  569 
Crenipecten,  380 
Crepidophyllum,  77 
Crepidula,  401 
Crej)ipora,  208 
Crescentilla,  658 
Creseis,  489 
Creusia,  052 
Cribrilina,  287 
Ci'ihrostomiim,  28 
Criocoras,  588 
Crioceraiitcs,  588 
Crisia,  200,  489 
Crishia,  262 
Cristellaria,  27 
Cromvs,  034 
Cromyocrinus,  161 
Crossopodia,  250 
Crossostonia,  449 
Crotalocrinus.  150 
Crucibulum,  401 
Cruratula,  332 
Cryptacantliia,  328 
Cryptaenia,  443 
Cryptangia,  SO 
Cryptaulax,  409 
Cryptaxis,  95 
Cryptoblastus,  190 
Cryjitocaris,  (558 
Cryptoceras,  524 
Cryptodiiton,  435 
Crypiochorda,  481 
Cryptoclymenia,  548 
Cryptocoelia,  05 
Cryptocoenia,  89 
Cryptoconiis,  482 
Cryptocrimis,  184 
Cryptodon,  400 
Cryptoniya,  421 
Cryptonolla,  327 
Cnjptonymus,  029 
CryptO])lax,  435 
Cryptoplocns,  4(>8 
Cryptopora,  325 
Cryptoschisma,  198 
Cry'ptozoe,  655 
Ctenoccphalus,  027 
Ctenoceras,  511) 
CtfnocrinnSy  147 
Cteiiodoiita,  303 
Ctenostrpon,  383 
Cucullaea,  305 
Cucullaria,  305 
Cucullella,  303 
Culicocrinus,  139 
Cultellus,  419 
Culuinbellaria,  472 
, Culunibellina.  472 
I Cuniingia,  418 
, CuJiiulipora,  280 
Cuphoselenus,  471 
Ciipressocriniis,  137 
Curtonotus,  395 
Cuspidaria,  392 
Cuvieria,  490 
Cyathaxonia,  74 
Cyatliidiuin,  171 
Cyathocrimis,  150 
Cyathodonta,  390 
Cyathopliora,  89 
Cyathophyeus,  55 
CyathophylluTn,  70 
I Cyathopora,  89 
Cyathoseris,  91 
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Cyclas,  398 
Cyclaster,  247 
Cyclichna,  487 
Cyclidia,  452 
Cyclina,  415 
Cycloceltites,  558 
Cycloceras,  518,  578 
Cycloclymenia,  548 
Cycloclypeus,  34 
Cycloconcha.y  393 
Cyelolites,  94 
Cyclolituites,  521 
Cyclolobus,  504 
Cydolomops,  472 
Cyclonassa,  470 
Cycloneina,  448 
Cyclopliorus,  400 
Cyclophthalainus,  679 
Cyclophylluni,  78 
Cyclopora,  283 
Cycdoporella,  283 
Cyclorhina,  325 
Cyclospliaeronia,  600 
Cyclostoina,  400 
Cyclostomiceras,  530 
Cyclostrenia,  452 
Cyclotrypa,  209 
Cyclotus,  400 
Cyclus,  070 
Cylindra,  480 
Cylindrites,  485 
Cylindroljiillina,  485 
Cylindrmnitra,  480 
Cylindrophyma,  51 
Cyllene,  470 
Cymaceras,  509 
Cymaclymenia,  548 
Cymatoceras,  526 
Cyinatocbitoi),  434 
Cymbites,  575 
Cyinbium,  480 
Cymbophora,  420 
Cynu’lla,  392 
Cyinia,  478 
Cypellia,  58 
Cypltosoina,  231 
Cypraea,  473 
Cyprella,  047 
Cypricardella,  394 
Cypricardia,  395 
Cypricardinia,  394 
Cypricardites,  305 
Cypridea,  640 
Cypridella,  047 
Cypridellina,  047 
Cypridina,  047 
Cypridinella,  047 
Cyiirimeria,  415 
Cyprina,  395 
Cypris,  646 
Cyprosina,  047 
Cyprosis,  047 
Cyrena,  397 
CyrencUa,  410 
Cyrenoida,  410 
Cyrtactinoccras,  528 
Cyrtendoceras,  515 
Cyrtia,  330 
Cyrtidocrinus,  104 
Cyrtina,  335 
Cyrtoceras,  530 
Cyrtocerina,  517 
Cyrtocliilus,  571 
Cyrtoclymeiiia,  548 
Cyrtocrinus,  170 
Cyrtodaria,  422 
Cyrtodonta,  365 
Cyrtodontopsis,  308 
Cyrtolites,  445 
Cyrt^jpinna,  309 
Cyrtopleuritfs,  500 
Cyrtopora,  264 
Cyrtorizoceras,  529 
Cyrtosiceras,  569 
Cyrtulus,  478 
Cystechinus,  244 


j Cj'stipbyllum,  79 
I Cystispongia,  61 
CystoddanSy  219 
Cystodictya,  280 
Cytaster,  187 
Cythere,  645 
Cythcrea,  415 
Cytliereis,  045 
Cytberella,  040 
Cytherellina,  046 
Cytheridea,  645 
Cytherideis,  645 
Cytherodon,  303 

Dactylioceras,  579 
DnctyloteuthiSy  597 
DactyluSy  484 
Dadocrinas,  107 
Dalila,  302 
Dallina,  331 
Dalnianella,  319 
Dalnianites,  037 
Danilia,  451 
Daiiubites,  559 
Daonellay  371 
Dapbnella,  483 
Duphnites,  500 
Daraelites,  503 
Darellia,  570 
Dasyceras,  5(57 
Dasyppltus,  083 
Daiidebardia,  496 
Davidsonolla,  306,  316 
Davidsonia,  314 
llaviesiella,  318 
Davila,  421 
Dawsonoceias,  518 
Dayia,  334 
Deakia,  247 
DecacnemoSy  174 
Decadocrinus,  100 
Dcmdopectcn,  381 
Dr/ranreay  204 
Deiphon,  63(5 
Deiroceras,  528 
Dejanira,  454 
Dekayella,  273 
Dvkayia,  273 
DelocrinnSy  161 
Delphinula,  449 
Dolphinulopsis,.  453 
Jjrlthyrideay  332 
Didthyris,  333 
Dtdtoceras,  519 
Dpltocyathus,  84 
Denckinannia,  577 
Dendracis,  95 
T)c ndricopora y 283 
Dendrocriims,  155 
Dcnidrocystites,  186 
Dendrograptus,  114 
Dendrophyllia,  93 
Dendropupa,  490 
Dcndrostreay  373 
Dentalina,  27 
Deiitalium,  431 
Dvrbya,  314 
Dpnnatomya,  392 
DcrmatoporUy  287 
Deroceras,  579 
Deshayesia,  402 
Desnipopora,  204 
Desmidocrinus,  144 
Desmoceras,  509 
Desoria,  246 
Deutocystites,  182 
Diadenia,  229 
Diadenioijsis,  229 
Diadiploceras,  524 
Diadochoceras,  587 
Diamesopora,  268 
DianuliteSy  275 
Diaphorites,  579 
Diaplococeras,  556 
i Diapora,  113 
; Diastoina,  457 
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Diastopora,  261 
Diastoporiua,  261 
Dicamara,  341 
Dicellomus,  305 
Diceras,  400 
Dicerocardium,  377 
Dichocrinus,  140 
Dichograptus,  IIS 
Dichotrypa,  2S0 
Dicraneila,  644 
Dicraniscus,  315 
Dicranogmus,  632 
Dicranograptus,  119 
Dicranopora,  2S0 
Dicranurus,  633 
Dicroloma,  470 
Dictffoceras,  51S 
Dietyocicada,  6S6 
Dictyograpfus,  114 
Dictyonella,  312 
Dictyonema,  114 
Dictyophj'ton,  55 
Dictyopleurus,  232 
Dictyothyris,  329 
Didacna,  412 
Didymites,  566 
Didymoceras,  5SS 
Didymograptus,  IIS 
Didymoporay  269 
Dielasraa,  328 
Dielasmina,  328 
Diempterus,  470 
Dignomia,  307 
Digonioceras,  526 
Dikelocephalns,  629 
Dimeralla,  325 
Dimeroceras,  552 
DimerocrinuSy  145 
Dimorion,  531 
Dimorpharaea,  94 
Diniorphastraea,  94 
Dimorpliina,  28 
Diniorphites,  554 
Dimorphoceras,  553 
Dimorphosoma,  471 
Dimya,  382 
Dim'yodon,  382 
Dinarella,  327 
Dinarites,  559 
Dinobolus,  306 
Dinoplax,  435 
Dinortbis,  319 
Diodoceras,  526 
Dionide,  625 
Dionites,  560 
Dioristella,  341 
Dionigoceras,  523 
Dipeltis,  687 
Diphragmoceras,  514 
Diphyites,  329 
Diphyphyllum,  77 
Dipilidia,  401,  405 
Diplacomoceras,  585 
Diploceras,  514 
Diplocidaris,  225 
Diploclema,  262 
Diploconus,  598 
Diplocraterion.  256 
Diploctenium,  89 
Diplodonta,  410 
Diplograptus,  119 
Diplomoceras,  571 
Diplopodia,  230 
Diplopora,  283 
Diploria,  88 
Diplosirenites,  560 
Diplospirella,  340 
Diplostoma,  64 
Diplostylus,  668 
Diplotheca,  491 
Diplothecanthus,  236 
Diplotrypa,  275 
Dipoloceras,  589 
Diporula,  288 
Dipsaccics,  476 
Dipterocaris,  658 


Diptycboceras,  571 
Dirrj'moceras,  586 
Disc'hides,  432 
Discina,  310 
Disciiiisca,  310 
Discinocaris,  658 
Discinolepis,  309 
Discinopsis,  308 
Discites,  523 
Discitoceras,  523 
Discocavea,  264 
Discocea,  270 
Discoceras,  519,  584 
Discoclymenia,  548 
Discocyatbus,  84 
Discocytis,  264 
Discodermia,  49 
Discofascigera.  264 
Discobelix,  447 
Discoidea,  234 
Discopliyllites,  566 
Discoporella,  265 
Discorbina,  30 
Discors,  412 
Discoscapbites,  572 
Discosonis,  528 
Discosparsa,  261 
Discotrocbus,  83 
Discotrypa,  278 
Disculina,  329 
Disjectopora,  113 
Distichioceras,  570 
Disticbites,  560 
Distoloceras,  588 
Distortrix,  475 
Ditaxia,  267 
DithjTOcaris,  657 
Ditremaria,  444 
Ditretus,  469 
Dittmarites,  560 
Dittopora,  276 
Divaricella,  408 
Dolatocrinus,  148 
Dolichopteron,  367 
Dolicbopterus,  676 
Dolicbotoma,  482 
Dolium,  474 
Doniatoceras,  525 
Donacicardium,  407 
Donax.  419 
Doricraiiites,  556 
Dorsetensia,  577 
Don’ceras,  562 
Dorycrinus,  143 
Doryderma,  52 
Dosinia,  415 
Douvilleia,  485 
Douvilleiceras,  587 
Douvillina,  313 
Dreissensia,  386 
Dreissensiomya.  386 
Drepanella,  644 
Drepanites,  560 
Drepo.nopterus,  676 
Drillia,  482 
Drobna,  661 
Dromiopsis,  665 
Drymotrypa,  283 
Dualina,  362 
Dumortieria,  576 
Duncanella,  74 
Durga,  377 
Dusa,  661 
Dux,  361 
DybowskieUa,  269 
Dysaster,  242 
Dyscolia,  329 
Dystactella,  361 

Eastonia,  420 
Eatonia,  324 
Ebuma,  476 
Echinantbus,  236,  240 
Ecbinaster,  210 
Ecbinasterella,  210 
Ecbinobrissus,  239 


Ecbinocardium,  247 
Ecbinocaris,  655 
Ecbinocbama,  399 
Echinocidaris,  231 
Ecbinoconus,  239 
Ecbiiiocorj's,  243 
Ecbinocrepis,  248 
Echinocyamus,  235 
Echinocyphus,  232 
Ecbinocystites,  184,  219 
Echinodiadema.  229 
Echinodiscus,  237 
Ecbinoencrinus,  185 
Ecbinognathus,  676 
Ecbinolampas,  241 
Ecbinometra,  232 
Ecbinoneus,  239 
Ecbinopsis,  231 
Echinospatagus,  245 
Echinospbaerites,  183 
Echinotburia,  226 
Echinus,  233 
Echioceras,  575 
Ectenocrinus,  152 
EcUnodesma,  367 
Ectocentrites,  573 
Ectolcites,  559 
Edaphoeeras,  526 
Edmondia,  362 
Edrioaster,  187 
Egeria,  419 
Egeta,  397 
Efirenbergina,  29 
Eicbwaldia,  312 
Elaeacrinus,  195 
Elasmostoma,  64 
Elder,  661 
Elea,  271 

Eleutherocrinus,  198 
Eliginus,  374 
Elkania,  306 
Ellipsactinia,  110 
Ellipsocaris,  658 
Ellipsocephalus,  629 
Elpe,  647 
Elymella,  362 
Elymocaris,  656 
Emarginula,  446 
Embla,  392 
Embolus,  489 
Emileia,  580 
Emmonsia,  99 
Emperoceras,  588 
Empidia,  688 
Enallocrinus,  150 
Enallobelia,  84 
Enantiosphen,  322 
Enclimatoccras,  522 
Encoiloceras,  525 
Encope,  237 
Encrinurus,  634 
Encrinus,  161,  106 
Endoceras,  514 
Endodonta,  498 
Endolobus,  524 
Endothyra,  30 
Engonoceras,  585 
Enichaster,  244 
Ennalaster,  245 
Enoploceras,  525 
Euoplocbiton,  436 
Enoplocytia,  664 
Ensis,  4io 
Entalina,  432 
Entalis,  431 
Enteletes,  319 
Entodesma,  391 
Entolium,  381 
Entomidella,  647 
Entomis,  646 
Entomocaris,  654 
Entomoconchus,  647 
Eodiadema,  230 
Eophrynus,  679 
Eophyton,  121 
Eopteria,  362 


Eoscorpius,  679 
Eosphaeroina,  669 
Eothes,  687 
Eotrocbus,  462 
Eozoon,  35 
Epactocrinus,  155 
Epbippioceras,  523 
Ephippiuiii,  384 
Ephippodonta,  411 
Epiaster,  244 
Epic>Tta,  332 
Episipbon,  431 
Epitkyris,  328 
Erato,  473 
Eremites,  559 
Eremoceras,  530 
Eretmocrinus,  143 
Erettopterus,  678 
Eridophyllum,  77 
Eridopora,  269 
Eridotrypa,  277 
Eripbyla,  395 
Eriptycba,  486 
Erisocriims,  162 
Erodona,  422 
Ervilia,  421 
Erycina,  411 
Erycinella,  411 
Eryina,  664 
EryniuDceias,  580 
Erj’on,  661 
Eryx,  421 
Eschara,  286 
Escharites,  271 
Escharopora,  279 
Estheria,  640 
Estheriella,  641 
Estonioceras,  526 
Etallonia,  485,  664 
Etberia,  378 
Etheridgia,  61 
Etberidgina,  318 
Ethmophyllum,  92 
Etoblattina,  683 
Eucalatbis,  329 
Eucalyptocrinus,  148 
Eucharis,  392 
Kiichasma,  362 
Eucbilotheca,  490 
Euchirocrinus,  164 
Euchrysalis,  457 
Euciroa,  392 
Eucladia,  203 
Eucladocriims,  139 
Euconactaeon,  485 
Eucorystes,  666 
Eucratea,  284 
Eucrinus,  145 
Eucydus,  449 
Eucystis,  183 
Eucythara,  483 
Eudea,  63 
Eudesella,  316 
Eudesia,  332 
Eudesicrinus,  170 
Eudiocrinus,  174 
Eudiscoceras,  560 
Eudoxochiton,  436 
Eugaster,  203 
Eugeniacrinus,  170 
Eugereon,  686 
Euhelia,  84 
Eulima,  456 
Eiiliraella,  457 
Euinetria,  338 
Eumicrotis.  371 
Eunella,  328 
Eunema,  449 
Eunicites,  254 
Euoinpbalus,  446 
Eupacbycrinus,  161 
Eupatagus,  247 
Eupera,  398 
Euphemus,  445 
Euphoberia,  681 
Euphyllites,  567 
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Eupsainmia,  03 
Euractinclla,  340 
Euraphia,  652 
Eurliodia,  240 
Euryale,  203 
Eurycaro,  628 
Eurycarpus,  663 
Eurychilina,  644 
Eiuydictya,  280 
Eurymya,  385 
Eurynoticeras,  509 
Eurypneustes,  233 
Eurypterella,  676 
Eurypterus,  674 
Eurysomt,  676 
Eiirystomites,  519 
Ensarcus,  676 
Eusiphoiiella,  04 
Eiispiloi^ora,  280 
Enspirocrinus,  157 
Eustoina,  469 
Eustylus,  456 
Euthria,  476 
Euthydesma,  362 
Euthyris,  338 
Eutomoceras,  554 
Eutrephoceras,  526 
Euzonus,  682 
Evactinopora,  280 
Exapinurus,  672 
Exelissa,  469 
Exiteloccras,  588 
Exogj'ra,  373 

Fabella.  411 
Fabularia,  27 
Falcilituites,  510 
Falloticeras,  590 
Faorina,  246 
Fasciculaiia,  2«)3 
Fasciculipora,  263 
Fascinplla,  467 
Fasciolaria,  478 
Fascipora,  263 
Fasiporina,  263 
Fauiuis,  467 
P’avia,  87 
Fai'icdla,  270 
Favistcllff,  7'9 
Favosites,  99 
Felania,  410 
Fenestella,  281 
Fenestralia,  282 
Fenestrella,  281 
Fenestropora,  282 
Fihu'Ua,  490 
Fibula,  469 
Fibularia,  236 
Ficula,  474 
Filicava,  267 
Filicavea,  262 
Filicea,  271 
Filicrisina,  26.2 
Filifascigera,  263 
Filisparsa,  262 
Fimbria,  400 
Fiiiibriella,  400 
Finibriothyris,  332 
Fischeria,  397 
Fissidentaliujj),  431 
Fissirostra,  332 
Fissurella,  445 
Fissurollidea.  445 
Fissuridea,  445 
Fissurirostra,  332 
Fistulana,  423 
Fistulipora,  26>9 
FlabcUothyris,  332 
Flabellnin,  84,  480 
Flainmulina,  498 
Fleinirif^ia,  450 
Flemin^dtes,  556 
Florianites,  558 
Flumincola,  465 
Flustrellaria,  286 
Foordiceras,  524 


Forheaia,  464 
Forbesiocrinus,  164 
Forbicina,  681 
Fordilla,  362 
Fortisia,  486 
Fossainopsis,  453 
Fossarulus,  464 
Fossarns,  450 
Frarjilia,  418 
Frenula,  331 
Frenulina,  331 
Frieleia,  325 
Frondicularia,  28 
Froiidipora,  263 
Fulgaria,  480 
Fulgorina,  686 
Fulgur,  477 
FungeUa,  263 
Fungia,  01 
Fungocystites,  183 
Fusella,  335 
Fusispira,  457 
Fustiaria,  431 
Fusuliiia,  32 
Fusus,  478 

Oabbioceras,  570 
Gadiln,  432 
Gadinia,  493 
(Indus,  432 
Galatea,  397 
Galaxea,  80 
Galenopsis,  666 
GaJcodca,  474 
Galoomina,  411 
Galcrites,  239 
Galeropygus,  235 
Galcnis,  461 
Gaminanis,  668 
Gamoplcnra,  480 
Gamjisonyx,  650 
Garantiana,  583 
(ia.ri,  418 
Gasterocoma,  155 
Gastrana,  418 
Gastrioceras,  552 
Gastroi’haena,  423 
Gandryceras,  560 
Gaudryina,  28 
Gaiithiericeras,  589 
Gecarcinus,  667 
CcinUzella,  277 
Geisonoceras,  518 
Geniellaria,  285 
Gemma,  416 
GnnmcUaria,  401 
Gemmellaroceras,  574 
Gonmiporn,  05 
Genabacia,  04 
Genoa,  476 
Genentoimim,  684 
Genicopatagus,  248 
Geunaeocrinus,  144 
Genota,  482 
Geocrinus,  144 
Geodia,  46 
Geopliilns,  254,  681 
Geoteutliis,  602 
GephyroceiTis,  550 
Gerablattina,  683 
Geralinura,  679 
Geraphrymis,  670 
Gervillia,  370 
Geyeroceras,  568 
Gibbula,  451 
Gigantoceras,  527 
Gigantotermes,  685 
Gilhertsocriiius,  146 
Gisortia,  473 
Gissocriuus,  15) 
Glandina,  496 
Glandulina,  28 
Glassia,  334 
Glassina,  338 
Glaucomya,  417 
Glaitconeme,  283 


Glauconia,  465 
(Uenotrcmites,  174 
I Globigerina,  30 
1 Glocluceras,  569 
Gloria,  362 
Glossiua,  307 
Glossites,  362 
Glossoceras,  516 
Glossograptus,  110 
Glossotliyris,  329 
Glossotrypa,  270 
Glottidia,  307 
Glycimeris,  422 
Glycimeris,  366 
Glyphaea,.  664 
Glyphidites,  560 
Glypliioceras,  552 
Glyphis,  445 
Glyphocyplius,  232 
Glyptaster,  145 
Glyptecliinus,  233 
Glypticus,  228 
Glyptobasis,  450 
Gl yptocardia,  362 
Glyptocrimis,  147 
Glyptocystites,  185 
Glyptodcsma,  367 
Glyptopora,  280 
Glyptosceptron,  106 
Glyptoscorpius,  678 
Glyptosphaerites,  183 
Gno.thndoii,  420 
Gnorimocrimis,  163 
Gomplioceras,  532 
Gomphocystis,  183 
Gonamhonites,  320 
Goniastcr,  208 
Gonia.stcroidocriuus,  146 
Goniastraea,  87 
Goniobasis,  467 
Gonioceras,  528 
Gonioclymenia,  548 
Goniocoelia,  341 
Goniocora,  86 
Goniodiscus,  556  • 
Gonioloboceras,  551 
Goniomya,  380 
Goniophora,  385 
Goniophorns,  227 
Gonio])hyllum,  70 
Goniopygns,  228 
Goniosoma,  305 
Gnniostroplia,  444 
Gonioteuthis,  507 
Goniotrypa,  280 
I Gonodon,  400 
j Goodallia,  305 
Gorgonella,  106 
I Gorgonia,  106 
I Gosavia,  480 
I Gosseletia,  368 
I Goaseletina,  443 
Gotlandia,  306 
Gouklia,  307,  416 
Grammatodon,  365 
Graminoceras,  576. 

I Grammostomum,  28 
I Gram?nysia,  362 
, Granatocrinus,  106 
I Graphiocrinus,  160 
! Graplioceras,  576 
I Graphularia,  106 
I Grajdaeme,  431 
Graptodictya,  270 
, Grasia,  242  ( 

I Grateloupia,  415 
I Gresslyia,  387 
I Griesbaxhites,  554 
I Grossouvria,  581 
I Grotriania,  305 
; Gruenewaldtia,  334 
I Gryphaea,  373 
' Gryphaeostrea,  373 
I Grypliochiton,  434 
, Grypoceras,  521 
i Gnaltieria,  247 


Giiembelites,  560 
Guerangeria,  375 
Guettardia,  58 
Guettardocrinus,  160 
Guilfordia,  448 
Gundlachia,  494 
Gwynia,  330 
Gym7iites,  557 
Gymnocrinus,  170 
Gymnotoceras,  559 
Gypidia,  321 
Gypidula,  322 
Gyronites,  556 
Gyrojdeura,  401 

Habrocrinus,  143 
lladrophylhim,  74 
Hagciiowia,  244 
Ilaidingerites,  557 
llalia,  480 
Halicardia,  301 
Ilaliotis,  443 
llaliris,  302 
Ifalliiuit  333 
Hallirhoa,  40 
Halloceras,  522 
Ilalobia,  371 
Halonyjnplia,  393 
Halorella,  324 
llalorites,  554 
Ilalysiocrinus,  154 
Halysites,  102 
Ilaminea,  486 
Hamites,  586 
Ilammatoceras,  577 
Hamulina,  588 
Hamusina,  450 
Ilanleya,  434 
Ilaplaraea,  92 
Ilaploceras,  560 
llaplocrinus,  135 
Hai>lohelia,  84 
Uaplophragmium,  24 
Jlaplopleuroceras,  577 
Haploscaphn,  370 
Ilaplosmilia,  90 
Jfaplostiche,  24 
Ikirmocrinus,  148 
Harpa,  481 

Ilarpactocarciiuis,  666 
Ilarpactor,  687 
Ilarpagodes,  471 
Ifarpax,  382 
Ilarpes,  625 
Ilarpoccras,  578 
Ilarpopsis,  4S1 
Harttina,  328 
llaneviceras,  560 
Hauerites,  560 
Haugia,  577 
Haustellum,  477 
Jlmitkenia,  467 
Hecticoceras,  577 
Iledenstroemia,  555 
Ilederella,  261 
llefriga,  661 
Helcion,  442 
Helcioniscus,  442 
Hcliantliaster,  203 
Ileliastraea,  8(> 
Helicancylus,  588 
llelicaulax,  471 
Hcdicoceras,  586 
Helicocryptus,  452 
Ifelicodonta,  495 
Helicopbanta,  496 
Helicopora,  282 
Helictites,  560 
Heliolites,  108 
Heliophyllum,  77 
Helioporae,  107 
Helioscidaris,  232 
Helix,  495 
Helmersenia,  308 
Helminthocliiton,  434 
' Heloceras,  518 
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Helopora,  280 
Hemeristia,  084 
Hemiarthum,  435 
Hemiaspis,  673 
Hemibaculites,  586 
Hemicardium,  367,  412 
Hemicidaris,  228 
Hemicosmites,  185 
Hemicystites,  187 
Hemidiadeina,  228 
Hemidonax,  407 
Hemifusus,  476 
Hemimactra,  420 
Hemingajas,  375 
Heraipatagus,  245 
Hemipedina,  229 
Hemiphragma,  275 
Hemiphragmoceras,  531 
Hemiplioatula,  384 
Hemipneustes,  243 
Hemipronites,  320 
Hemiptychina,  329 
Hemisinus,  407 
Hemithyris,  325 
Hemitissotia,  590 
Hemitrypa,  282 
Hepatiscus,  066 
HeptadactyluSy  471 
Heptastyiis,  95 
Heraclites,  500 
Hercoceras,  524 
Hercoglossa,  522 
Hercynella,  492 
Hennatosloma,  113 
Hernodia,  201 
Herpetocrinus,  153 
Hertha,  174 
Hesperiella,  443 
Hesperites,  560 
Heteraster,  245 
Heterastridium,  111 
Heteroblastus,  197 
Heterocardia,  420 
Heterocentrotus,  232 
Heteroceras,  586 
Heterocruiiis,  152 
Heterodiadeina,  229 
Heterodiceras,  400 
Heierodictya,  279 
Ileterodoiiax,  418 
Heterophlebia,  685 
Heterophyllia,  79 
Heteropora,  266 
lleteroporellcty  266 
Heterortliis,  319 
Heterosalenia,  227 
Heteroschisma,  431 
Heterostegina,  32 
Heterotissotia,  590 
Heterotrypa,  273 
Hetto,ngiay  407 
Hexacrinus,  140 
Hexameroceras,  531 
Hiatelln,  422 
HibolitheSy  597 
Hildocftras,  576 
Himantopteriis,  076 
Hindella,  338 
Hindia,  51 
Hindsiella,  411 
Hinnites,  381 
HippaguSy  392 
Hipparionyx,  314 
Hippochrenes,  472 
Hipponyx,  461 
Hippopodiuin,  385 
Hippurites,  405 
Histioderma,  256 
HistricrinuSy  140 
Hochstetteria,  372 
Hoeninghausia,  554 
Hoernesia,  370 
Holaster,  243 
Holasterella,  55 
Holcodiscus,  570 
Holcospongia,  64 


HolcosfephanuSy  583 
I Holeyctypus,  233 
' Holinia,  028 
Holmiceras,  521 
Holocrinus,  167 
i Holocystis,  89 
I Holocystites,  183 
Hologyra,  453 
Holopea,  459 
Holopella,  457 
Holopneustes,  232 
I Holopus,  171 
1 Homaloceras,  520 
' Homalocrinus,  164 
Homaloneura,  684 
Hoinalonotus,  635 
Homarus,  004 
Homatoina,  483 
Homelys,  061 
HomeriteHy  554 
Ilomocrinus,  155 
Homocystites,  185 
Honioeospira,  337 
Hoinolampas,  248 
Homoinya,  389 
I Hoiiiothetus,  684 
j Homotrypa,  273 
Hoplites,  584 
Hoplocrinus,  151 
Hoplomytilus,  372 
Hoploparia,  604 
Horioceras,  570 
Iloriostoina,  461 
Hormotoma,  444 
Hornera,  262 
Huildlestonia,  576 
Hungarites,  557 
Huronia,  528 
Hustedia,  337 
Hyalaeciy  489 
Hyaliiia,  497 
Hyalostelia,  55 
Hyalotragos,  52 
Hyattella,  338 
Hyattoceras,  564 
Hyboclypeiis,  242 
Hybocrimis,  151 
Hybocystites,  187 
Hybocytfis,  152 
Ilyboechinus,  222 
Hydatiria,  486 
Hydnoceras,  55 
Hydractinia,  110 
Hydreionocrinus,  100 
Hi/driocriniis,  159 
Hydrobia,  404 
Hymenocaris,  654 
iiymenocydnSy  34 
Hymenophyllia,  88 
Hynniphoria,  332 
Hyocriiius,  172 
Hyolithellus,  490 
Hyolithes,  491 
Hypanthocrinus,  149 
Hypechinus,  233 
Hyperammina,  23 
Hyperlioceras,  570 
Hyphantoceras,  587 
Ilypocladiscites,  560 
Hypocrinns,  184 
Hypodiadenia,  228 
Hypothyris,  324 
Hypotrema,  384 
Hypsipleura,  456 
Ilyptiocrinus,  145 
Hystatoceras,  590 
Hysteroceras,  590 
H ysterolitlmSy  335 
Hystrichoceras,  589 

Ibergiceras,  562 
Iberites,  557 
Iclitliyocrinus,  163 
Ichtliyorachis,  283 
lohthyosarcolites,  403 
Idiocrinus,  145 


Idiostronia,  113 
Idiotrypa,  270 
Idmonea,  202 
Idonearca,  365 
IgoceraSy  400 
Ilariona,  240 
Illaenus,  030 
Imbricaria,  480 
Indoceras,  585 
Infraclypeus,  242 
Iiioceraiiius,  370 
Inoculis,  114 
Iiitrapora,  279 
Inversaria,  271 
locrinus,  153 
Ipliidea,  308 
Ipliigeuia,  419 
Iridina,  378 
I Tsanda,  451 
Isaster,  244 
Isastraea,  87 
Iscanotia,  416 
Ischadites,  67 
' Isc'lmocbiton,  435 
Isohnoueiira,  683 
Iscliyrodonta,  365 
Iscuiites,  565 
Isi<Iora,  494 
Isis,  106 
I Ismenia,  331 
Isoarca,  366 
Isocardia,  414 
Isocliilina,  043 
IsocrinuSy  173 
Isoculia,  302 
Isodoiita,  418 
Isognomoiiy  370 
Isogramma,  318 
j Isonema,  458 
I Isophlebia,  685 
' [sopleuray  472 
Isorhapliina,  52 
j Isorhyyichus,  321 
I Isotrypa,  282 
Itieria,  408 
Ivaiiia,  443 

Jalinnites,  572 
Janeia,  361 
Janira,  380 
Ja])onites,  557 
Jerea,  49 
Jereica,  53 
Joannisiella,  410 
Joannites,  565 
Jodamitty  405 
Jouaimetia,  424 
! Jovellania,  529 
I Jovites,  554 
I Jnlo]>sis,  681 
i Jiilus,  682 
Juvavella,  327 
Juvavites,  554 

Kaiiilla,  484 

Kanopliyllum,  74 
Kar])inskya,  33 1 
Katliarina,  435 
I Kayserella,  314 
* Kayseria,  34i) 
Kf^ilostoma,  457 
' Kellia,  411 
Kelliella,  411 
j Keyserlingia,  308 
Keyserlingites,  659 
Kingena,  331 
: Kingia,  331 
Kingites,  556 
Kionoceras,  519 
Klipsteinia,  560 
Kloedinia,  044 
Kiiemiceras,  585 
Kocbia,  367 
Kokeiiella,  444 
Koninckella,  340 
Koninckia,  96 
Koniiickiiia,  340 


Koniiickites,  556 
Koniiickoceras,  525 
Koninckocidaris,  220 
Koninckodonta,  340 
Koninckophylluni,  77 
I Kmussiay  333 
I Kraiissina,  333 
Kreischeria,  679 
Kutorgina,  312 
Kyniatites,  550 

I Labiosa,  420 
Lacazella,  310 
Lacazina,  20 
Lacdiesis,  482 
Lacuna,  459 
Lacunella,  459 
Lacunina,  459 
Laevicardium,  412 
Laevideiitalium,  431 
I Laganinn,  237 
j Lagena,  27 
! Lageniocriiius,  130 
Lagenipora,  288 
Laguncula,  403 
j Lalikmina,  300 
Lambrus,  000 
Lampania,  470 
Lanipterocrinus,  145 
Lanieria,  239 
Laoina,  498 
Lapeirousia,  404 
Lapparentia,  4r>4 
Laqueus,  331 
I Lartetia,  404 
I Lasea,  411 
Laferocava,  262 
Laterocra,  271 
! Lotcrotidngeray  20,2 
' Latimaeandra,  87 
Latirus,  478 
' Latusastraea,  86 
Laubella,  443 
Leaia,  041 
I Lecaiiites,  556 
i Lecanocriuus,  163 
Lecythiocrinus,  158 
Leda,  363 
Lpgnophora,  684 
! Leila,  378 
Leioderma,  480 
Leioniya,  392 
Leiomyalina,  372 
I Leiopedina,  233 
j Leiorhynchus,  324 
Leiostomn,  478 
Lenita,  238 
Lenticeras,  590 
LenticuUtes,  32 
Lepadocrinus,  187 
Lepas,  651 
Leperditella,  643 
Leperditia,  643 
Lepeta,  442 
Lepeteila,  442 
Lepetojjsis,  442 
Lepidaster,  210 
Lepidechinus,  220 
Lepidestlies,  222 
Lepidion,  683 
Lepidocentrus,  219 
Lepidocidavis,  220 
Lepi<locoleus,  649 
Lepidodermay  674 
Lepidodiscus,  187 
Lepidopleurus,  434 
Lepidospongia,  60 
Lepidurus,  641 
Lepralia,  288 
Le])taena,  313 
Lcptaenalosia,  317 
Leptaenisca,  314 
Leptagonia,  313 
Leptaster,  208 
Leptastraea,  87 
Leptella,  313 
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Lpptestlies,  307 
Lpptobolus,  307 
Leptoceras,  571 
Leptochiton,  434 
LeptocoelUiy  338 
Lpptodesma,  307 
Leptodomns,  362 
Leptodus,  315 
Leptoj^raptus,  118 
Lpptomaria,  443 
Lepton,  411 
Leptopiira^ma,  58 
Leptophyllia,  85 
Leptopoina,  4(50 
Leptopoterion,  07 
Leptoria,  88 
Leptosolen,  419 
Leptospisula,  420 
Lei)tostrophia,  813 
Lei)toteuthis,  (502 
Leptotryj)a,  27S 
Leptoxis,  407 
Leskia,  248 
Leuconia,  493 
Leucozonia,  479 
Leuroceras,  023 
LeveiUaia,  443 
Lewisiella,  451 
Libitim,  305 
Libycoceras,  585 
Licbas,  632 
Lichcnalia,  209 
Ijicheno])ora,  2(i4 
Liclieiiotrypa,  270 
Liebea,  372 
UrjidOy  3:»0 
Lillia,  577 
Lima,  383 
Limacina,  489 
Limaea,  383 
Limanomia,  384 
Limatula,  383 
I.imax,  497 
Limnaea,  494 
Limnacus,  -J94 
Limnocardium,  413 
Limopsis,  305 
Idmo])teria,  371 
LimvtoideSf  073 
Limuhis,  072 
Linckia,  210 
Lindigia,  580 
Lindstroemella,  310 
Lindstroeniia,  75 
Linearia,  417 
Lingula,  307 
Lingula.sma,  308 
Lingulella,  307 
Lingulepis,  307 
Lingulina,  28 
Lingulocaris,  655 
Lingulodiscina,  310 
Lingulops,  308  . 
Linnarssonia,  308 
Linthia,  240 
Linupanis,  003 
Lioceras,  570 
Lioclema,  277 
Lioloplmra,  430 
Liopistlia,  392 
Lioplax,  403 
Liothyrina,  329 
lAothyris,  329 
Liotia,  449 
Liparoceras,  578 
Liropteria,  370 
Lisgocaris,  058 
Lispoceras,  523 
Lispodesthes,  471 
Lissoceras,  569 
Lissochilus,  454 
Lithacoceras,  581 
Litharaea,  90 
Lithentomum,  684 
Lithobius,  681 
Lithocardium,  413 


Lithocrimis,  104 
Litliodendron,  87 
Lithodomus,  380 
Lithogaster,  004 
Lithoglyijhus,  405 
Litliomantis,  084 
Litliophagus,  380 
Litliophyllia,  SO 
Lithopoma,  448 
Lithopsyclie,  089 
Lithosialis,  084 
Litliostrotion,  78 
Litiopa,  459 
Litocera-s,  519 
Litoricola,  060 
Littorina,  459 
Littorinellff,  404 
Lituites,  521 
Lituola,  24 
Lobantale,  431 
Lobites,  503 
Lobocarcinus,  600 
Lobolithes,  183 
Lobophora,  237 
Lobopsaniinia,  93 
Loculipora,  282 
Locusta,  084 
Loftusia,  110 
Longobardites,  557 
Lonsdaleia,  78 
Lophoceras,  520,  569 
Lnpholepifi,  203 
Lopholobites,  590 
Lojdionotus,  082 
Loj)hophyllum,  70 
Lophoscris,  91 
Lopljosmilia,  89 
Lo])hospira,  444 
Lorica,  43(> 

Loricella,  430 
Loricites,  434 
Loricula,  050 
Loriolaster,  207 
Loripcft,  408 
Loiorium,  474 
Lottia,  442 
Lovenia,  247 
Loxoceras,  527 
Loxoneina,  450 
Lnxoptt'ria,  3(u 
Lucapina,  445 
Lucapinella,  445 
Lucina,  408 
Ludwigia,  570 
Luitlia,  208 
Lumbricuria,  254 
lAimhricites,  254 
Lunatia,  4(>2 
Lunulicanlium,  367 
LunulitPS,  285 
Lunulncrras,  577 
Lutetia,  411 
Liitraria,  420 
Luzon  ia,  393 
Lyclmus,  4i»7 
Lycndr^t,  370 
Lycophoria,  321 
Lyco})linjs,  34 
Lyou.sia,  397 
Lyoiisiella,  391 
Lyra,  331 
Lyria,  480 
Lyriocrinus,  140 
Lyrioperten,  380 
Lyrodesma,  378 
I>yropora,  282 
Lysis,  478 
Lyticoceras,  586 
Lytoceras,  572 
Lyttonia,  315 

IVfacandrevia,  331 
Madia,  419 
Machilis,  683 
Machoinya,  389 
Maclurea,  446 


Maeonia,  418 
Macraster,  244 
Macrocaris,  655 
Macrocephalites,  580 
Macrocheilus,  456 
Macrochilimi,  450 
Macrocypris,  640 
Macrodoiif  304 
Macropeza,  088 
Macropneustes,  247 
Macroscaphites,  571 
Macroscliisma,  445 
Macrostylocrinus,  148 
Mactra,  420 
Mactrella,  420 
Maotroderma,  420 
Mactromya,  389 
Mactropsis,  421 
Mactrotoma,  420 
Maeandrina,  88 
Maeneceras,  551 
IVIagas,  333 
Magasella,  333 
Magellania,  333 
Magnesia,  230 
Malaptera,  471 
Malletia,  304 
Malleus,  372 
Mamilla,  402 
Maiumites,  58S 
Mandaloceras,  531 
Mangilia,  483 
Mannia,  333 
Manticoceras,  550 
Maretia,  247 
Margarita,  451 
Margarites,  554 
Margarya,  403 
Margintiria,  287 
Margiuella,  479 
Maryinifcrn,  317 
Margimiliua,  27 
Mariacriiius,  147 
Manuolatella,  453 
Marsupiocrinus,  139 
Marsupites,  105 
Martesia,  424 
Mastigocriuus,  157 
Matcrciila,  3(57 
Matheria,  305 
Matherniiia,  400 
Matliilda,  457 
Matthewia,  491 
Matiita,  000 
Mazza,  479 
Mazzalina,  479 
Mecochirus,  002 
Mecyuodoii,  3‘.U 
Mecyiiostoiua,  080 
Medlicottia,  503 
Me<lusaster,  210 
Medusites,  121 
Meekella,  315 
Meekia,  407 
Meekoceras,  550 
Meekopora,  270 
M(>gary}>tite-<,  183 
Alegalanteris,  327 
Megalaspi.s,  030 
Megalithista,  52 
Megalodon,  870 
Megalomostojua,  460 
Mayalomus,  365 
Megaiieura,  0)84 
Merjemteris,  327 
Megaphyllites,  560 
M^gaptenij  368 
Megaspira,  496 
Megatebennus,  445 
l^Iegateuthis,  597 
Megathentomuin,  084 
Megathyris,  330 
Megerlia,  331 
Megerlina,  333 
Megistocrinus,  144 
Meiocardia,  414 


Melampus,  493 
Melania,  467 
Melanopsis,  467 
Mdantho,  463 
Meleagrina,  371 
Melia,  519 
Meliceritites,  271 
Mellita,  237 
Melo,  480 
Meloceras,  530 
Melocrinus,  146 
Melonella,  51 
Melongeiia,  476 
Melonites,  221 
Mdonoceras,  530 
Meinbranipora,  286,  287 
Meinbraiiiporella,  287 
Meueghiniceras,  56S 
Meuipea,  284 
Menopliylluin,  70 
Meonia,  247 
Meretrix,  415 
Merista,  341 
Meristella,  341 
Meristina,  338 
il/’eroc,  415 
Mesalia,  465 
Mesentiripora,  261 
Mesites,  187 
Mesoblastus,  194 
Mesoblattiiia,  684 
Mesoceras,  516 
Mesodesma,  421 
Mesothyra,  657 
Mesotreta,  308 
Mesotrypa,  273 
Mespilocrinus,  164 
Metablastus,  195 
Metacanthoplites,  589 
Metacoceras,  524 
Metacrinus,  173 
Metalia,  247 
Metaplasia,  337 
Metaporhinus,  242 
Metasibirites,  558 
M(^tatirolites,  659 
Metopaster,  208 
Metoptonia,  442 
Metriophylluin,  76 
Metula,  476 
Meyeria,  604 
Michelinia,  101 
Mickwitzia,  307 
Micrabacia,  !»4 
Micraster,  246 
MicrnccTas,  578 
Microconchus^  253 
Miciocyclus,  75 
Microcyphus,  232 
Microderoceras,  678 
Microdiadeina,  229 
Microdicus,  625 
Microdoma,  450 
Microdon,  304 
Miciomaia,  666 
Micromelania,  464 
l\Iicromelo,  486 
Micropedina,  230 
Micropoorinuf!,  171 
Micropora,  287 
Microjjorella,  288 
Micropsis,  231 
^licroschiza,  456 
Microseris,  91 
Microsolena,  94 
Microthorax,  066 
Microtbyris,  332 
Microtropites,  554 
Mila,  367 
Miliola,  26 
Millepora,  109 
Millericrinus,  169 
Milleroceras,  530 
Milneria,  399 
Miltha,  408 
Miltites,  554 
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Mimoceras,  540 
Miiuocystites,  1S5 
Miniulus,  315 
ilischoptera,  6S4 
Mitra,  479 
Mitraefusus,  470 
Mitraster,  208 
Mitroclema,  202 
Mitrocystites,  180 
ilixosiphonoceras,  529 
Modelia,  448 
Modiella,  372 
Modiola,  380 
Modiolaria,  386 
Mudiolodon,  385 
Modioloides,  302 
Modiolopsis,  385 
jVlodiomorpha,  385 
Mogiiiia,  445 
Mohrensternia,  404 
Moira,  240 
Moiropsis,  246 
Mojsisovicsia,  590 
Mojsvarites,  500 
Moltkia,  106 
Monia,  384 
Monobolina,  310 
Monoceros,  478 
Monodacna,  413 
Monodonta,  451 
Monograptus,  117 
Monomerellia,  300 
Monophyllites,  500 
Monopleura,  401 
Monoporella,  288 
Monoprion,  117 
MoaopUria,  371 
Monotis,  371 
Monotrj'pa,  275 
Mon«itrypella,  278 
Monticulipora,  272 
Montlivaultia,  85 
Mopalia,  435 
Morio,  474 
Morjihoceras,  583 
Morrisia,  330 
Mortoniceras,  589 
Moulinsia,  230 
Mourloiiia,  443 
Mucronella,  288 
Muehlfeldtia,  331 
Muensterites,  500 
Mueiister«'ceras,  552 
Mulinia,  420 
Mulleria,  378 
Mulletia,  370 
Multelea,  271 
Multicavea,  206 
Multicresis,  200 
Multi/a^cigtira,  203 
Muniericeras,  588 
Murchisonia,  444 
Mures,  477 
Musca,  088 
Musica,  480 
Mutela,  378 
Mutiella,  409 
Mya,  421 
Myacites,  3S7 
Myalina,  372 
Myalinodonia,  371 
Myalinoptera,  372 
Mycedium,  91 
Mycetopus,  378 
Myrocrinus,  153 
Mylacris,  083 
Myocaris,  058 
Myochaina,  390 
Myoconcha,  385 
Myodora,  390 
Myokdadylus,  153 
MyoTiera,  393 
Myonia,  48  > 
Myophoria,  375,  379 
Myoplioriopsis,  379 
Myoplusia,  303 


Myopsis,  389 
I Myrianites,  250 
Myriopora,  289 
^Myriozoum,  289 
Myristica,  470 
Myrmar,  090 
, Myrtea,  408 
i Myrtillocrinus,  137 
I Mysidia,  372 
I Mystrophora,  320 
j Mytilavca,  308 
] ^lytilops,  372 
; Mytilopsis,  3S0 
Mytilus,  3S5 

Xacella,  442 
Xaites,  250 
Xaiinites,  553 
Xanrio,  515 
; Xanocrinus,  155 
Xaranaio,  417 
Xarthecoceras,  515 
Xassa,  470 
Xatica,  402 
Xaticella,  453 
Xaticopsis,  452 
Xatiria,  453 
Xaucoris,  087 
Xautilus,  520 
Xayadites,  374 
Xeaera,  392 
Xeatretia,  325 
Xebalia,  054 
Xecrocarciuus,  000 
Xecrogammarus,  068 
Xecroscylla,  000 
Xectotelson,  659 
Xeithea,  380 
Xemapodia,  250 
Xematopora,  281 
Xematura,  404 
Xemertites,  250 
Xemodou,  305 
Xeobolus,  300 
Xeocatillus,  370 
Xeocatopygus,  240 
Xeoicoceras,  550 
Xeolampas,  242 
i Xeolinuilus,  072 
i Xeolobites,  5S5 
j Xeorthrublattina,  684 
I Neoschizodus,  379 
I Xeothyris,  333 
I Xephriticeras,  523 
I Xephrops,  004 
I Xeptocarcinus,  000 
! Xeptunea,  476 
Xeptiinus,  600 
f Xereites,  256 
Xeriuea.  408 
Xerinella.  408 
Xerita,  454 
Xeritaria,  453 
Xeritina,  454 
Xeritodomus,  454 
Xeritoiiia,  454 
Xeritomopsis,  452 
Xeritopsis,  453 
Xeumayria,  580 
Xeuropora,  267 
Xeverita,  402 
Xewbeiria,  320 
Xicholsonella,  270 
Xicholsonia,  279 
Xicomedites,  550 
Xileus,  030 
Xinella.  448 
Xipterclla,  52 
Xiso,  456 
Sodelea,  271 
^odicresis,  206 
Xodosaria,  27 
Xoetia,  300 
Xoetlingia,  321 
XoPtliiigites,  557 
Xomismoceras,  553 


Xonionina,  34 
Xorella,  324 
Xorites,  503 
Xormannites,  5S0 
Xostoceras,  588 
Xotainia,  285 
Xothoceras,  532 
Xotliozoe,  055 
Xotothyris,  329 
Xovaculiiia,  419 
Xubecularia,  25 
Xucleatula,  327 
Nudeociimis,  195 
Xucleolites,  239 
Xucleospira,  838 
Xucula,  303 
Xuculaiui,  363 
Xiiculina,  304 
Xunimulina,  33 
Xummulites,  32 
Xuttalliiia,  435 
Xyassa,  375 
Xyctopora,  99 
Xymphaeops,  004 
Xympliaster,  208 
Xystia,  404 

Obolella,  305 
Obolellina,  300 
Obolus,  300 
Ochetoceras,  569 
Ocinebra,  477 
Octameroceras,  531 
Octoriaria,  645 
Oeulina,  84 
Oculospongia,  04 
Odontoceraa,  587 
Odontopenia,  370 
Odontostoma,  457 
Odontotrypa,  270 
Uecuptychius,  583 
Oecotraustes,  577 
Oediscliia,  083 
Oehlertella,  310 
Otta,  647 
Ottaster,  243 
Ogygia,  030 
Oliiocrinus,  152 
Oldhamia,  315 
Olenellus,  628 
Olenikites,  559 
Oleiius,  628 
Oleostephamis,  583 
Oligodon,  374 
Oligoporus,  221 
Oligotoina,  482 
Oliva,  481 
Ollacriiius,- 140 
Omc(laj:is,  458 
Omphalia,  405 
Omphalocirrus,  447 
Omphalopliyllia,  94 
Omphalopterus,  403 
Omphalosagda,  497 
Omphalotrochus,  447 
Omphyma,  77 
Oucliotrocbus,  S3 
Oncoceras,  530 
Oncochiius,  454 
Oncodoceras,  525 
Oncoma,  471 
Oncoparia,  004 
Oncophora,  416 
Oncospira,  450 
Onithocliiton,  436 
Onychaster,  203 
Onychia,  307 
Onychocella,  286 
Oiiychocrinus,  103 
Ooceras,  530 
Oonia,  450 
Oonocarcinus,  659 
Oonoceras,  530 
Opeas,  490 
Operculina,  32 
Ophiceras,  550 


Ophidioceras,  520 
Opliileta,  440 
Ophioceras,  575 
Ophiocrinus,  158,  174 
Ophiocteii,  205 
Ophiodenna,  204 
Ophioglypha,  205 
Ophiolepis,  205 
Ophiomiisium,  205 
Ophiiaphidites,  40 
Opliiura,  204 
Ophiurdla,  205 
Opis,  300 
Ol»isoiiia,  305 
Upisthoj'tera,  308 
Oploplorus,  001 
Oppelia,  577 
Orbicella,  308,  309 
Orbiculina,  25 
Orbiculoidea,  310 
Orbipecten,  380 
Orbitoides,  34 
Orbitolina,  24 
Orbitolites,  25 
I Orbulina,  30 
I Oreader,  208 
I Oriostoma,  447 
I Oriskania,  320 
■ Ormoceras,  528 
Oruithaster,  240 
! Ornithella,  332 
! Orocystites,  184 
Orophocriiius,  198 
; Orozoe,  050 
Orthambonites,  319 
I Orthaulax,  472 
Orthidium,  315 
I Orthis,  319 
' Ortkisina,  320 
Orthoceras,  518 
Orthocidaris,  225 
' Orthodesma,  301 
Orthodontiscus,  393 
Ortlioidea,  332 
' Odhonamaea,  333 
Orthonota,  301 
Orthonychia,  400 
Orthopora,  281 
i OrCliopsis,  230 
I Orthoptychus,  402 
I Orthorhynchula,  323 
^ Orthostoma,  485 
Orthostrophia,  319 
Orthotheca,  401 
1 Orthothete.s,  314 
I Orthothrix,  317 
I Ortliotichia,  319 
I Orthotoma,  332 
Orthotropia,  319 
Ortonia,  253 
i Osculipora,  204 
Ostlingoceras,  587 
Ostracotruthis,  599 
Ostrea,  373 
^ Otoceras,  553 
; Otopoiua,  400 
Otostoma,  454 
' Ovula,  473 
Oxybeloceras,  588 
: Oxyclyinenia,  548 
I Oxygyrus,  455 
I Oxynoticeras,  575 
‘ Oxytoma,  371 

Pachastrella,  40 
Pachiuion.  54 
Pachycardia,  375 
I Pachyclypeus,  235 
! Pachydi'  tya,  280 
' Pachydiscus,  570 
i Pachydomella,  046 
Fachydon,  422 
Pacliygyra,  00 
: Pachylasiiia,  052 
Pachylocrinus,  160 
, Fachyinegalodon,  377 
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Pucliymytilus,  3SG 
Pucliyphyllum,  79 
Pacliypoina,  448 
Piichypora,  99 
Pachypteria,  382 
Pachyrhynrhns,  333 
Pachyrisma,  377 
J*(ichystroin(ij  112 
Paehyteichisma,  59 
Pachyteuthis,  597 
Pacl>ytylodia,  04 
Palaeaci.s,  95 
Palaea?>tacus,  004 
Palaeaster,  207 
Pahi'ecliiiius,  221 
Palaoga,  009 
Palaemon,  001 
Palaeoblattina,  0^3 
Palaeobrissus,  248 
Palaeocampa,  081 
Pulaeocardia,  308 
Palaeocardita,  398 
Palaeocaris,  059 
Palaeocai  pilius,  000 
PalaeocidarU,  220 
Palaeodynienia,  519 
Palaeocoma,  207 
Palaeocorbiii,  409 
Palaeocorystes,  000 
Palo.eo.ranijon,  059 
l\tlueocr((nia,  311 
Palaeocrt'Usia,  052 
J’olaeocrinitf!,  155 
l^alauocylus,  74 
Palaeocypris,  040 
Palaeocystiles,  184 
Palaeoganimarus,  <508 
Palaeogoniatites.  549 
Palaeograpsus,  (iOO 
Palaeolainpas,  242 
Palaeomanon,  50 
Palafomutela,  374 
Pdlaeomya,  407 
I’alaeonaricii,  453 
Palaeonautiliis,  519 
PalaeoiH'ilo,  303 
Palaeoniso,  457 
Palaeopenipliix',  059 
Pala«*oi)l»iura,  203 
Palaeoplionus,  (>79 
Palaeopimia,  30.J* 
Palaeopiieiistcs,  245 
Palaeorchestia,  008 
I’alaeosaccns,  55 
Palaeosceptroii,  100 
Palaeo.solen,  419 
Pahu-ostcdla,  207 
Palanostoma,  24S 
Palacutrojius,  248 
Palastfrina,  207 
Palast<*riscus,  207 
Paleanatina,  302. 
PdU'drcd.,  3(>5 
Palescliani,  283 
Palingtmia,  (»S4 
Palinuriiia,  0i*i3 
Paliminis,  00i3 
Pd Ilium,  381 
PaltoplfuroctTas,  577 
Pdhdliud,  403 
Panda,  495 
Painlora,  390 
Panoi)aeus,  r.iio 
Panopt-a,  422 
Paolia,  083 
Pdphid,  421 
Papyriflea,  412 
Paracardium.  30»2 
Paracoltitos,  553 
Paraceratites,  559 
Paracladiscites,  500 
Paraeoc)doc<"ras,  501 
Para<*tinocfiras,  528 
Paracyathus,  84 
Paracyclas,  407 
Paradoceras,  551 


Paradoxechimis,  232 
Paradoxides,  027 
Paragymnites,  557 
, Parajuvavites,  554 
’ Parakyinatites,  550 
Paralaiijpas,  240 
Paralecauites,  550 
Paralegoceras,  552 
Pamlunticeras,  590 
Parallelodon,  304 
Paramelauia,  407 
Paramya,  422 
Paranoniia,  384 
Paranoi'ites,  550 
Parapacliydiscus,  570 
I Parapliyliit»;s,  549 
' l^arapopanoccras,  504 
Paraprolecanites,  5i53 
' Parapronorites,  503 
Parai>rosopon,  059 
I Parapsiloceras,  574 
! Pararca,  3t>3 
Parastartc,  410 
Parasteplianites,  653 
Parastrophia,  321 
Parathlsbite.s,  5(50 
Paratil)etit(*:?,  5(50 
Paratonioccras,  551 
I P((rdtro]/ites,  554 
l’arazyg*a,  338 
ParisotTinus,  158 
Parkeria,  110 
; Parkiujionia,  5S3 
I Pannacellina,  4l'(5 
' J*dnnophorus,  440 
j Paroiiiceras,  575 
Pdropsia,  371 
I Paryjihnstomd,  457 
I Pasceolus,  07 
Passvia,  411 
Patella,  442 
Patellina,  31 
Paterina,  305 
Paterula,  307 
Patrocardiuin,  307 
Pattersonia,  55 
Pavonaria,  10(5 
; Pecchiolia,  392 
Prcteii,  3S0 
I Pevtiinculii.f,  300 
Pt*<licularia,  473 
I Peditja,  230 
IVdinopsis,  230 
Pudiocems,  587 
1 P(*duin,  381 
! i't'iionocerds,  520 
I Peldi/id,  2(54 
I Pelatiecluims,  22(5 
PulUirion,  452 
IVltastes,  227 
P(‘ltocaris,  (558 
Ptdtoceras,  582 
PeinjOiix,  (5(54 
Pcnaeus,  (5(51 
PeiKTOplis,  25 
Poimat((lites,  10(5 
IViiiiir‘*tt*pora,  283 
Pentaceros,  208 
Peiitacrinus,  173 
IVntactinella,  339 
Pnitagonastcr,  2u8 
Pentagonia,  341 
Pfutiimerclla,  322 
IViilaiiioroceras,  531 
Pentamerus,  321 
pL'ntai)livlluni,  70 
Pt'nfdstcre,  321 
Pentata,  3(52 
Pentephylluni,  198 
Pentrcmites,  194 
PentrC'initidca,  194 
Pephricaris,  050 
I’eregrinella,  325 
I’ereiraea,  471 
Pergainidea,  372 
Pcricosina,  240 


Pericyclus,  552 
Periecliocrinus,  144 
I^eripetoceras,  525 
Peripleurites,  501 
Periploina,  390 
Periploiiiya,  389 
Peripmudrs,  247 
. Peripora,  202 
Perischodomus,  220 
Perispliinctes,  581 
, Peristernia,  479 
Perna,  370 
, Pernojiei'ten,  380 
Pernostrea,  370 
Peronelld.^  03 
Peroniceras,  589 
! Peronidella,  03 
Peronoceras,  579 
I’eronopora,  272 
Persona,  475 
]*et((l(ixis,  78 
Petolia,  085 
, Petaloconc.luis,  4i50 
' PeUilopliora,  2(53 
Petalotrypa,  278 
Peteiioceras,  524 
Petersia,  472 
Petigopora,  274 
Petraia,  74 
raster,  207 
Petricola,  417 
I’l'trobius,  083 
Pexidella,  340 
piiacitfs,  32 
Idiacocenis,  523 
Phacoi)s,  030 
Pliaenoj)ora,  279 
idiaenoschisma,  197 
Plialangiotarbus,  079 
Plianerotimis,  440 
Phunoyenia,  175 
Pliarciceras,  554 
Pliarella,  419 
Pharetrella,  491 
Idiasganocaris,  055 
Pliasiaiiella,  448 
Phdsianus,  448 
Pliasis,  498 
Plienacolepas,  440 
Pliialocrinus,  102 
PhUiolojihora,  289 
Philiiie,  487 
' Pliilis,  410 
I Phillipsastraea,  79 
i Phillipsia,  (531 
Philobrya,  372 
! Philocriuus,  100 
' PliimocTimis,  130 
j Phloioccras,  523 
j Plilycticcras,  509 
Plioladella,  388 
Pholadocaris,  058 
[ Plioladoinya,  389 
i Piiolas,  423 
I Pliolidocidaris,  222 
Pliolidopliyllum,  77 
I Pliolidops,  311 
j Pliolidostrophia,  313 
Phorinedites,  500 
' Phormosella,  55 
! Pliorinosoina,  226 
j Phorus,  403 
I Plios,  470 
Pliragiiioc(*ras,  532 
) Phraginoteutiiis,  599 
; Plnaginotlieca,  491 
Idireatura,  (545 
\ Pliricodoceras,  587 
Phrj'niis,  079 
i Pliryssonotus,  082 
I Plitlianocoris,  080 
Plitlioiiia,  3(51 
Pliyllangia,  86 
Phyllobrissus,  241 
Phylloceras,  507 
' Phyllocoeiiia,  90 


Pliyllocrinus,  171 
Phyliodictya,  280 
Pliyllodocites,  256 
Pliyllugraptus,  119 
Pliyllonotus,  477 
Phyllopora,  283 
Pljyllopdrina,  283 
Phyllosinilia,  89 
Pliylloteutliis,  (503 
Phymatella,  48 
Phyniatocenis,  577 
Pliyinecliiuus,  230 
Pliysa,  493 
Pliysetocrinus,  142 
Pliysocaris,  055 
Physodoceras,  582 
Pliytogyra,  91 
Pictetia,  588 
Pictoiiia,  581 
Pihiolus,  454 
Pilcopsis,  400 
Pileotry]Mi,  209 
Pileus,  234 
Piloceras,  515 
Pinielites,  579 
Pinacoceras,  501 
Pinac(jpliylluiu,  89 
Pinacolrypa,  270 
Pinna,  309 
Pinnacites,  550 
Piiinatopura,  283 
Pinnigena,  3(59 
: Pinnocaris,  (558 
J'ionocriiias,  143 
Pisamdla,  475,  479 
Pisidiuni,  398 
: Pisocrimis,  135 
I Pithodea,  450 
I PlacenUi,  384 
Placeiitieeras,  585 
Placiphorella,  435 
PIacit(?s,  5(51 
Placocoenia,  89 
Placoparia,  034 
Placopljoropsis,  435 
I’lacophyllia,  89 
Placopsiliria,  23 
Placosinilia,  89 
Placuna,  384 
Placunanoinia,  384 
Plurunnna,  384 
, Placunopsis,  384 
Plaesioniys,  319 
Plagiodon,  378 
Plagioglypta,  432 
Plagi(jptyclius,  402 
Plagiostoina,  383 
Planaxis,  459 
Planctoceras,  519 
Plaiietoceras,  523 
Planocepluilus,  083 
Planolites,  250 
Planorbtdla,  489 
Planorbis,  494 
Planorbuliiia,  30 
Planulina,  30 
Plasmopora,  108 
Platidia,  330 
Platyacra,  450 
Platybrissus,  245 
Platyceras,  401 
Platychilina,  453 
Platyclionia,  52 
Platycdynienia,  548 
Platycrinus,  138 
Platylenticeras,  590 
Pldiymya,  389 
Platyo(lon,  421 
Platypleuroceras,  578 
Platyschisina,  440 
Platystonia,  401 
Platystropliia,  319 
Plaxipliora,  435 
Plecanium,  28 
Plecotrema,  493 
Plectambonites,  313 
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Plectoceras,  520 
Plectoderma,  55 
Plectodon,  393 
Plectomya,  389 
Plectorthis,'319 
Plesianthus,  237 
Plesiastraea,  87 
Plesiocypriiia,  395 
Flesiodiceras,  400 
Plesiolampas,  242 
Plesioteutliis,  603 
Plesiothyris,  332 
Plesiotissotia,  590 
Plethomytilus,  368 
Plethopora,  264 
Plethorhyncha , 324 
Pleuracantliites,  568 
Plenrocera,  467 
Fleuroceras,  577 
Pleurocora,  86 
Pleurocystites,  186 
Pleurodiadema,  230 
Pleurodictymii,  100 
Pleurodonta,  362 
Pleurodonte,  495 
Pleurolytoceras,  572 
Pleuromeris,  399 
Pleuroniya,  387 
Pleuronautilus,  525 
FleuronotiiSy  446 
Pleuropachydiscus,  571 
Pleurophorus,  394 
FleiirorhynchuSj  369 
Pleurostoma,  58 
Pleurotoma,  482 
Pleurotoniaria,  443 
Plicatocrinus,  171 
Plicatula,  382 
Plicigera,  339 
FUcoynya,  389 
Plinthosella,  49 
Pliorhytis,  418 
Plococeras,  556 
Plocophyllia,  90 
Plocoscypliia,  61 
Plumaster,  208 
Flumulites,  649 
Pocillopora,  84 
Foculina,  489 
Podocidaris,  232 
Podocrates,  663 
Poecilasina,  651 
Poecilomorplius,  576 
PoUochera,  679 
Polioptenus,  683 
Pollia,  475 
Pollicipes,  650 
Polortlms,  424 
Polyblastidiurn,  60 
Polycidaris,  225 
Polycheles,  661 
Polycnediuin,  665 
Polycoelia,  63,  74 
Polycyclus,  561 
Polycyplius,  230 
Polydonta,  451 
Polygonosplmerites,  67 
Polygyra,  495 
Polyjerea,  49 
Folylepas,  650 
Polyniorphina,  28 
Polymorphites,  574 
Folyodonta,  493 
FoIypcHes,  147 
FolyphcrnopsiSy  457 
Polyplectus,  577 
Polypora,  282 
Polyptychites,  583 
Polyscliides,  432 
Polystomella,  34 
Polytoecliia,  320 
Polytrema,  31 
Polytremacis,  107 
Polytreinaria,  444 
Folytrenmta,  266 
Polytropis,  447 


Polyxenus,  682 
Pomatias,  460 
Foniatograptus,  117 
Pomatospirella,  340 
Pontocypris,  646 
Popanoceras,  564 
Porainboiiites,  321 
Porcellia,  443 
Porella,  288 
Porina,  288 
Porites,  96 
Porocrinus,  184 
Poroinya,  392 
Porosjjhaera,  111 
Porospongia,  59 
Portlockia,  459 
Portunites,  666 
Posidoniella,  372 
Posidonoinya,  371 
Potamides,  469 
Fotamomya,  422 
Poterioceras,  530 
Potoceras,  525 
Pourtalesia,  248 
Praearcturus,  668 
Praeatya,  662 
Praecardiuin,  362 
Praeliiiia,  362 
Praelucina,  362 
Praesphaeroceras,  579 
Prasopora,  273 
Preconia,  395 
Prenaster,  246 
Prestwichia,  671 
Friamiis,  480 
Priiiiitia,  644 
Primnoa,  106 
Pi  ionastraea,  87 
Prionites,  556 
Prionocyclus,  589 
Prionolobus,  556 
Prionotropis,  589 
Priscocliiton,  434 
Prismopora,  280 
Fristiograptus,  117 
Proarcestes,  565 
Proavites,  556 
Probeloceras,  550 
Probolaeum,  434 
Proboscidella,  318 
Procardia,  389 
Frorerites,  581 
Procladiscites,  566 
Prodryas,  689 
Productella,  317 
Productus,  317 
Proetus,  631 
Piogonoblattina,  683 
Prograpliularia,  106 
Projovcllaiiia,  529 
Prolecanites,  562 
Prolibytliea,  689 
Prolobella,  385 
Prolobites,  549 
Prolucina,  408 
Proiiiachocrinus,  175 
Promacrus,  361 
Froinathilda,  457 
Proinedlicottia,  563 
Pronaniiites,  552 
Fronites,  320 
Fronui!,  415 
Proiioella,  415 
Pronorites,  563 
Propeamusium,  381 
Prophysaon,  498 
Propinacoceras,  563 
Proplanulites,  581 
Prupteticus,  684 
Proptychites,  556 
Propygope,  329 
Proricaris,  658 
Prorokia,  395 
Proscorpius,  679 
Prosocoelus,  395 
Prosodocna,  413 


' Prososthenia,  464 
: Prosphingites,  553 
Protalochiton,  434 
Protaraea,  96 
Protaster,  203 
Protasteracantliion,  210 
Proteiigunoceras,  585 
Proteocystites,  183 
Protetraclis,  47 
Protetragonites,  569 
Protbyris,  361 
Proto,  465 
Protobactrites,  518 
Protobalanus,  652 
Protocardia,  412 
Protocaris,  641 
Protocimex,  686 
Protocrinites,  183 
Protocrisina,  262 
1 Protocycloceras,  518 
Protodiceras,  377 
Protolhnulus,  671 
Protolycosa,  680 
Protoma,  465 
Protoinya,  362 
Proionerita,  453 
Frotonia,  317 
Protopharetra,  02 
Protophasma,  683 
Protopbiceras,  556 
Protoiihraginoceras,  532 
Protorliyiicba,  323 
Frotorthis,  312 
Protoschizodus,  395 
Protospongia,  55 
Protosycon,  65 
Frotozyga,  333 
! Protracbyceras,  560 
! Proutella,  283 
I Psainmecbinus,  233 
Psainmobia,  418 
Psainmocarciuus,  666 
Psaniinobelia,  84 
j Fsammosohn,  419 
i Psaminospaera,  23 
! Pselioceras,  525 
Psepbis,  416 
I Pseudalaria,  469 
I Pseudamusiuni,  381 
Pseudastacus,  664 
Pseudedinondia,  407 
Pseuderipliyla,  397 
Pseudobelus,  597 
Pseudoceltites,  558 
Fseudoceritkium,  469 
Pseudocbaetetes,  103 
Pseudociduris,  228 
Pseudocrangon,  661 
Pseudocrania,  311 
Pseudocrinites,  187 
Pseiulodanubites,  557 
Fseudodiadema,  229 
Fseudodiceras,  400 
Pseudodinarites,  550 
Fseudofossarus,  453 
Pseudogalathea,  659 
Pseudoglypbaea,  664 
I Pseudobaploceras,  570 
Pseudobarpoceras,  559 
I Pseudobydropbibis,  687 
! Pseudoliva,  475 
Pseudomelania,  456 
Pseudomonotis,  371 
Pseiulonautilus,  522 
Pseudonennea,  468 
Pseudoniscus,  673 
Pseudopedina,  230 
Pseudopliyllites,  569 
Fseudoplacuna,  384 
Pseudosageceras,  555 
[ Pseudoscalites,  458 
1 Pseudotoma,  482 
I Pseudotropites,  577 
j Psiloceras,  574 
' Psilocladiscites,  566 
1 Fsilodon,  413 


Psilomya,  392 
Psilotborax,  684 
Psilotissotia,  590 
Pteria,  370 
Pterinea,  367 
Pterineopecten,  380 
Pterocaris,  658 
Pterocera,  471 
Pterocerella,  471 
Pterocbiton,  434 
Pterocoma,  174 
Pterodonta,  471 
Pteronautilus,  525 
Pteroiiites,  370 
Pteronotus,  477 
Pteroperiia,  371 
Pteropbloios,  316 
Pteropsis,  420 
Pterotbeca,  491 
Pterotocrinus,  140 
Pterygoiiietopus,  636 
Pterygotus,  677 
Ptilodictya,  279 
Ptilopora,  283 
Ptiloporella,  283 
Ptiloporina,  283 
Ptilotrypa,  279 
Ptycliarcestes,  565 
, Ptycbites,  557 
j Ptycbocaris,  656 
Ptycboceras,  571 
Ptychocrinus,  145 
Ptycbodesma,  372 
Ptycboiiipbaliis,  443 
Ptycboinya,  397,  416 
i Ftychonema,  275 
' Ptycboparia,  628 
Ptycbopbyllmn.  78 
Ptycbosj)ira,  337 
Ptycbostoina,  456 
Ptycbostyhis,  467 
Ptygmatis,  46$ 
Ptyssoceras,  524 
Puella,  362 
Pugites,  329 
Fugiunculus,  491 
Pugnax,  324 
Pugiiellus,  471 
Pugnus,  486 
FuUai^tra,  416 
Fulsdlum,  432 
Pulviiiulina,  30 
Puiictuin,  498 
Pmicturella,  446 
Pupa,  496 
Pupillaea,  445 
Purpura,  477 
j Purpurina,  458 
' Purpuroidea,  4.5S 
j Pustularia,  457 
! Fustulopora,  262 
Puzosia,  569 
Pycnaster,  208 
Fycnodonta,  373 
j Pyoiioiiiplialus,  451 
! Pyciiopliyllum,  76 
Pyconosaccus,  164 
Pygaster,  234 
P'ygaulus,  239 
Pygocardia,  395 
Pygoci'idialus,  659 
Pygolampis,  684 
Pygopp,  329 
Pygurus,  241 
I’yramidella,  457 
Pyianiidula,  498 
Pyrazus,  470 
Pyreiiella,  470 
Fyrgia,  101 
Pyrgidium,  464 
Pyrgoina,  652 
Pyrgula,  464 
Pyrgulifera,  467 
Pyriiia,  230 
Pyritonema,  55 
Pyrocystites,  182 
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Pyriila,  474,  470 
I’ytliina,  411 
I’ytliiopsis,  4!I3 
Pyxis,  317 

Qiieiistcdtia,  101,  418 
Quenstedtoceras,  5S0 
Qiiinqueloculina,  20 
Quoyia,  4f)9 

Ilaclniia,  057 
Hadiocaoea,  204 
Pad io/ascigero , 204 
Padiolites,  404 
Padula,  383 
Rilinesqiiina,  312 
Kamipora,  283 
Ranella,  475 
Rangia,  420 
Raniella,  005 
Raiiina,  004 
Raninoides,  005 
Rapana,  478 
Raphistoina,  443 
Raphistomella,  443 
Raphitoina,  483 
Rastrites,  118 
Receptaculites,  07 
Pec.kur,  000 
Redonia,  302,  303 
Regina,  302 
Reillingitfis,  559 
Reineckia,  583 
Remeleoceras,  520 
Remotidia,  379 
Reinopleniides,  028 
Renssclaeria,  320 
Pr.n'iselandia,  320 
Reptaria,  201 
Pr/itclm,  271 
Peptocea,  270 
Rcptoraseigera,  203 
Peplotiihiijerii,  202 
Rcqm'enia,  400 
Rctecava,  202 
Ri'telea,  271 
Reteocriniis,  144 
Retepnra,  289 
Reticulii)ora,  2(i2 
Rntiograptiis,  119 
Rfitiolitns,  119 
Retnsa,  487 
RcUia,  337 
Rliabdaiiiiiiina,  23 
Rliahdoceras,  501 
Rhabdoineson,  281 
RlwhdojihyUiu,  S7 
Rhabilopleuni,  459 
Rliabdiis,  431 
Rbacndiseiila,  49 
Rbacopbyllites,  507 
Rliadinoceras,  523 
Rbaetiiia,  32!) 
Rhantitps,  505 
Rbagadiiiia,  49 
Rlia])banocrimis,  145 
Rliapbidoneiiia,  04 
Rlipctocynia,  395 
Rbeopliax,  24 
Rhinacanlba,  477 
Rbinecpras,  523 
Rliinidictya,  279 
Rliinoboliis,  300 
Rbinobrissus,  247 
Rliinocaris,  057 
Rliiiioclaiiia,  393 
Rbinopora,  280 
Rbipidiicai'dium,  3*19 
Rbipiiiocriiiiis,  140 
Rliipirlogorgia,  100 
Rhipidogyra,  91 
Rhipidoiiiplla,  319 
Rhizangia,  80 
Rbizocrinus,  109 
Rliizophyll  um,  70 
Kliizopoterion,  (50 
Khizostomites,  121 


i Rhodaraea,  90 
' Rliodea,  490 
Khodocrinus,  145 
Hhodopliyllum,  78 
Rlioechinus,  221 
lihomhi/era,  137 
■ Rliombina,  047 
I Hliombopora,  281 
Rlioinbopteria,  307 
: Rhopalocoma,  207 
I Jlhopia^  210 

Rhyiiciiidia,  452 
Khynchoinya,  380 
i Uliynclionella,  324 
I Rhynchonelliiia,  324 
I Kliyncliopora,  324 
I Jilnjnvhoporiiw,  324 
I Rhyiichora,  333 
I Uhynchorina,  333 
Kliyncliorllioceras,  521 
Rhynchospira,  337 
JtfiilHchostreoii,  373 
Rhyneliotrema,  323 
I Rhynchotreta,  323 
I Kliyphus,  088 
Rhytiniya,  388 
I Ribcdria,  (554 
I RichtlioiVnia,  310 
I JUcinufa,  478 
Rimella,  472 
Himula,  44(5 
Uiu'^icula,  480 
Ringinclla,  480 
Rissua,  4(55 
Uissoina,  4(55 
Rithina,  (584 
Rizoc(*ras,  520 
Rocdlaria,  423 
Roeineraster,  210 
Roemendla,  310 
Romin^cria,  101 
Roinin^'erina,  320 
liostellaria,  472 
Rostellit(*H,  480 
Rntalia,  30 
Rotella,  451 
Uotellina,  451 
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Sa^da,  405 
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Salenia,  227 
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iSalironiio,  285 
Salinacis,  232 
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JSalterella,  400 
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Scaplia,  480 
.Scaphander,  487 
Scaphanidia,  452 
Scapharca,  3(50 
Scaplieus,  002 
Scapliiocoelia,  320 
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Scaphites,  572 
Scaphula,  30(5 
Scaiabaeides,  (587 
j Scarabus,  403 
Scenella,  442 
Scenellopora,  208 
' Scenidiuin,  320 
' Scpptropora,  281 
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Scliizambon,  300 
' Schizambonin,  309 
I Schizaster,  240 
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Scliizoorania,  309 
Schizod(‘ntaliuiii,  431 
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Sellaclynienia,  548 
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I Scptaineroceras,  531 
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Serripes,  412 
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Sivbcrella,  322 
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.s'i/eam,  392 
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Spirocyatlius,  02 
Sjnroloculina,  20 
Spiropora,  202 
Spirorhis,  253 
Si)irostylus,  450 
8pirula,  000 
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Steyiast€i\  207 
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StenochUmOy  323 
Stenocrinns,  152 
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! StirpulirKis  3!U 
Stoliczkaria,  111 
* Stomatella,  447 
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Stortingocrinus,  130 
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Strobilepis,  040 
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Strophocheiliis,  405 
Strophomena,  314 
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8trophostoma,  400 
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StrotocTinus,  142 
Strotopora,  270 
Struthiolaria,  471 
8taidoria,  241 
Stuorella,  443 
Stylaraea,  90 
Stylaster,  100 
Stylastraea,  87 
Stijhu'is,  78 
Stylina,  80 
Styliola,  480 
Stylocoenia,  00 
Stylocora,  80 
Stylocriims,  13(5 
Stylodictyon,  113 
Stylohelia,  85 
Stylonurus,  070 
Stylophora,  85 
Stylojibyllopsis,  SO 
Stylopbyllum,  80 
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Styrites,  558 
ISubclymenia,  523 
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Symbathoei'iims,  130 
JSymphyllia,  88 
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Si/itdo-^iiiija,  418 
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Syuocladia,  283 
Syiiodonitites,  404 
Synopella.  04 
Syntrophia,  320 
Syriiigoceras,  521 
Syriiigolites.  00 
Syringopora,  101 
Sy r i phoarhiy  111 
Syringostroma,  113 
Syriugothyris,  330 
Syruola,  457 
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Tapniodictya,  270 
Taenio])ora,  280 
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Talarocrimis,  140 
Tailored  ia,  407 
Taiiysiphou,  417 
Tapes,  410 
Tarphyceras,  519 
Taurhila,  475 
Tauroa'ms,  370 
Taxocriiius,  103 
Techiiocriniis,  147 
Tecfiira,  442 
Tectus,  451 
Teiiiostoina,  452 
Teleiocrinus,  142 
Telescopiuiii,  470 
Tellidora,  417 
Tellina,  417 
Telliiiomya,  30.3 
Telliiiopsis,  302 
Temiieebimi.s,  232 
Temnocbeiliis,  524 
Teiiiiiociilaris,  225 
Teimiopleunis,  232 
Temiiotropris,  444 
Tenai'ocrimis,  158 
Teiiea,  410 
Teiika,  307 
Teiitaculites,  400 
Terebella,  253 
TcreheUdni,  471 
Terebra,  481 
Terebratalia,  331 
Terebratella,  333 
Terebratula,  320 
'I’erebratiiloidea,  324 
Terebrirostm,  331 
Teredina,  424 
Teretlo,  424 
Teredo!  ites,  424 
Terquemia,  374 
Tessarolax,  471 
Testacella,  490 
Tetanocriiiiis,  170 
Tetliyopsis,  40 
Tetinlca,  307 
Tetradiela,  0(51 
Tetracidaris,  225 
Tetracrinus,  170 
Tetractinella,  330 
Tetradella.  (544 
Tetragoiiites,  569 
Tetragonoceras,  525 
Tetragraptus,  118 
Tetrameres,  531 
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Tli  'ca,  401 
Thecal  ia,  300 
'riiecidea,  315 
Thecidella,  310 
'J’liecidiopsis,  31(5 
Tkcddinm,  315 
Thecocyathus,  84 
Thecocyrtidla,  335 
Thecosiphoiiia,  40 
Tliecosmilia,  88 
Thecospira,  340 
'I’liecostegites,  102 
'I'heoiioa,  203 
Tliersitea,  471 
Thetidites,  558 
Tlilipsura,  045 
Tholiasteiella,  50 
Thoinasiiia,  308 
Thoracoceras,  510 
Thracia,  3!'0 
Thriiicoceras,  523 
Tlmrammiiui,  23 
Tliurmaiinia,  585 
Thylacocrinus,  1K5 
Tliylacodes,  400 
Thysanoceras,  572 
Tliysaiiocrinu'^,  145 
Tiaracrinus,  188 
Tibetites,  500 
Tichogonia,  380 
TUesia,  203 
Timaintes,  550 
Tindaria,  304 
Tinoi>orus,  31 
Tirulites,  550 
Tissotia,  500 
Tityus,  070 
Tivela,  41(5 
Tma(^g(3ceras,  575 
Tinetoceras,  574 
Tomoclieilus,  458,  450 
Toiiicella,  435 
Tonioia,  430 
Tonoceras,  587 
Torellella,  400 
1 Torinia,  458 
TornatcUo,  484 
Tornatellaea,  484 
Tornatina,  487 
Tonieutoceras,  58(5 
Tornoceras,  551 
Toucasia,  400 
Tournnucrta,  464 
To.mder,  245 
Toxopiieustes,  233 
Tracliyceras,  500 
Tracliyilerinon,  435 
Tracliydomia,  45S 
I Tracliyaeritcf,  458 
Tracliyodoii,  430 
Trachypora,  00 
; Trachysagenitcs,  554 
Trachytruthis,  002 
Tragopliylloceras,  508 
, Trapezium,  395 
i Tremabolites,  01 
; Tremadictyon,  57 
I 2'renmtella,  277 
' Trematls,  300 
Trematobolus.  300 
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iresiisj  4'20 
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320,  337 
Ti'igoncfla^  332 
3’j-igonia,  370 
Trigonoceras,  023 
Triffonocodia,  300 
Ti  igoJKHlictya,  280 
TrigoiifxUis,  375 
Trigonoseinus,  332 
Triffonotrcta,  330 
Trigonulina,  3'.'2 
Trimerella,  30)> 
'frimcres,  031 
Triineroceplialus,  030 
Trimeroceras,  031 
Ti  tmonon,  531 
Trinacria,  300 
Ti  inucleus,  020 
Triociilina,  20 
Triodonta,  3!*7 
Trijilecia,  310 
Trij)l<'uroceroceras,  02!» 
Triph'.r,  477 
Triploca,  484 
Tn{iiHMistes,  233 
Triptcra,  4!'0 
Tripvlns.  240 
Tritun,  474 
Triton  hhf(,  470 
Tritoniiim.  474 
Tri\  ia,  473 
Trofhalia,  40>8 
Troclianiinina,  23 
1’rochnct'ras,  024 
Trofhocyatlius,  S4 
Trocl»ocystit«‘s,  ISO 
Trocholit»‘s,  OlO 
Trocliolitoccras,  010 
Troc)iontorj)lia,  407 
'rroc’lionenia.  4 4!> 
Troclios(*ris,  01 
Trochosinilia.  88 
Trochotoiiia.  444 
Trochus,  400 
'rroostocriiins,  105 
Tropaeum,  071 
Tro])hon,  477 
Tropic»'ltit<>s,  05S 
Troj)i(lastPr,  210 
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’I'roijiilocaiis,  G5(i 
Tropic!  oceras,  57.S 
Tiopicloleiitus,  :i30 
Troiiiiloinya,  39!) 
Tropidoi)ora,  3S1 
Tropites,  j.‘)4 
Tniiici  Il  ia,  47C. 
■IniMoatuIa,  2G4 
Tniiictatulina,  3U 
Tryblidiuin.  443 
Tiibina,  4G1 
Tiibipora,  107 
Tudicda,  477 
Tiidoni.  400 
Tn^onia,  421 
Tidotoma,  403 
Turbina,  450 
Tnrbin  aria,  00 
TurbinHla,  470 
Tnrbinilopsis,  450 
'I'lirbiiiolia,  83 
Turbo,  448 
TiirboiH'lliiia,  400 
Turbonilla,  407 
Turbonitrlla,  40o 
Turnus,  424 
'J’uroiiia,  40 
Turricula,  470 
Turrilepas,  (J40 
Turrilites,  587 
' TnrritPlla,  400 
Turtfuna,  411 
'I’yleria.  300 
Tylopoiiia,  403 
'J’yinpanotomus,  470 
Typliis,  477,  008 

Udora.  001 
Udoivlla,  0»)1 
Uintaorimis,  IGO 
Ulangia,  80 
Ulocrinns,  102 
Umboniuni,  451 
Utnbniculnm,  4S7 
U mhrdto , 187 
Uncinella,  330 
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Uiifinulus,  324 
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UnicardiuMi,  407 
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I I'nionn,  370 
Unitrj'pa,  282 
Ui)banlapiiia,  50 
' Upton ia,  074 
Uranoc'pras,  027 
' rrastcrdlii,  207 
Urdu,  008 
Urochitius,  244 


Uroupctc-s,  000 
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Us.siirites,  500 
Uvanilla,  448 
Uvigeriiia,  28 

Vaginella,  400 
Vaginoceras,  014 
Tnffi  nopora,  280 
Vaginulina,  27 
Valenciennesia,  402 
VallPtia,  401 
N'alvata,  403 
Vaivatina,  4Sf> 
Valvulina,  28 
i Vanux(‘mia,  300 
Vascuceras,  080 
Vasseuria,  OOS 
V'elates,  404 
Velorita,  307 
Veloritina,  307 
Venericardia.  398 
N'enurnpis,  410 
Veniollu,  300 
Venllia,  31»0  • 
Vonilicardia,  300 
Ventriculites,  oo,  00 
Venus,  410 
Vernietus,  40i; 
Venniceras,  075 
Venicuilia,  330 
Verucuilina,  28 
Verruca,  051 
Venucocoelia,  07 
Verruculina,  53 
Verta;:us,  400 
Vertebralina,  27 
Verticordia,  302 
Vertigo,  4!<0 
Vertuuinia,  370 
Vestinautilus,  023 
Vevofid,  3«U 
Vibracella,  280 
Vicarya,  4*'0 
'Vinnilario,  280 
Virgatites,  083 
Virgularia.  10«> 
Vishnuites.  0.00 
Vitrina,  407 
Vitrinella,  402 
Vitulina,  338 
Viviparus,  403 
Vlasia,  301 
r<>l<t,  3S0 
Volbortliclla,  010 
Volbortliia,  308,  312 
Voluta,  480 
Volutella,  480 
Volutifiisus,  480 
Volutilitlies,  480 
Volutfxlei  tiia,  480 
Volutoniitra,  480 
Volutonioridia,  480 
Volvaria,  480 
Volvicei-anius,  370 
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I Volvula,  487 
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Wurth  ia,  440 
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' Wilsonia.  324 
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